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<Notes> 


e The specifications in this manual are subject to change without notice. Contact our Sales 
Department before purchasing the product described in this manual. 


e Information and circuit diagrams in this manual are only examples of device applications, 
they are not intended to be used in actual equipment. Also, Fujitsu accepts no responsibility 
for infringement of patents or other rights owned by third parties caused by use of the 
information and circuit diagrams. 


e The contents of this manual must not be reprinted or duplicated without permission of 
Fujitsu. 


e Fujitsu’s semiconductor devices are intended for standard uses (such as office equipment 
(computers and OA equipment), industrial/communications/measuring equipment, and 
personal/home equipment). Customers using semiconductor devices for special applications 
(including aerospace, nuclear, military and medical applications) in which a failure or 
malfunction might endanger life or limb and which require extremely high reliability must 
contact our Sales Department first. If damage is caused by such use of our semiconductor 
devices without first consulting our Sales Department, Fujitsu will not assume any 
responsibility for the loss. 


e Semiconductor devices fail with a known probability. Customers must use safety design 
(such as redundant design, fireproof design, over-current prevention design, and malfunction 
prevention design) so that failures will not cause accidents, injury or death). 


e lf the products described in this manual fall within the goods or technologies regulated by the 
Foreign Exchange and Foreign Trade Law, permission must be obtained before exporting the 
goods or technologies. 


A\cautl ON| Burns _ There is a danger of burns because the IC surface is heated 


depending on the IC operating conditions. In this case, take 


safety measures. 
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1 GENERAL 


1.1 Preface | 


Coral graphics controller has some functions and optional efficiency and is planned to be 
serial-manufactured according to purposes. 


The MB86294S is graphics controller LS! which is added the I°C interface function to the MB86294. 
For detail of the I°C interface function, please refer an another additional manual for MB86294S. 


Note) 


Purchase of Fujitsu I°C components conveys a license under the Philips °C Patent Right to use these 
components in an IC system, provided that the system conforms to the IC Standard Specification as 
defined by Philips. 
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1.2 Features 


e Geometry engine 


Geometry engine supports the geometry processing that is compatible with ORCHID (MB86292). 
Using the display list created by ORCHID enables drawing. **(But Floating point setup command is 
deleted.) 


Heavy processing of geometric operations such as coordinates conversions or clipping performed by 
this device can reduce the CPU loads dramatically. 


2D and 3D Drawing 


Coral has a drawing function that is compatible with the CREMSON (MB86290A). It can draw data 
using the display list created for CREMSON. **(But Internal texture RAM is deleted.) 


Coral also supports 3D rendering, such as texture mapping with perspective collection and Gouraud 
shading, alpha blending, and anti-aliasing for drawing smooth lines. 


Display controller 
Coral has a display controller that is compatible with ORCHID. 


In addition to the traditional XGA (1024 x 768 pixels) display, 4-layer overlay, left/right split display, 
wrap-around scrolling, double buffers, and translucent display, function of 6-layer overlay, 4-siding for 
palette are expanded. 


Digital video capture 

Digital video capture function can store digital video data such as TV in graphics memory; it can display 
rendered graphics and video graphics on the same screen. 

Host CPU interface 


Can be connected to SH3 and SH4 manufactured by Hitachi, to V832 microprocessor by NEC and to 
SPARClite (MB86833) by Fujitsu without external circuits. 


External memory interface 
SDRAM and FCRAM can be connected. 


Others 
CMOS technology with 0.18-um 
Package: BGA 256 pin, HQFP 256 pin 
Supply voltage: 1.8 V (internal operation) /3.3 V (I/O) 
Current consumption ( TYPICAL ) 
1.8 V power supply : 500mA 


3.3V power supply : 100mA 
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13 Block Diagram 


CORAL general block diagram is shown below: 


— Pixel Bus 
External 
Bus of 
Host CPU 


External Geometry 2D/3D 
Memory 


Engine Rendering 


Controller 


Engine 


Fig.1.1 CORAL Block Diagram 
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1.4 Functional Overview 


1.4.1 Host CPU interface 


Supported CPU 
Coral can be connected to SH3 and SH4 manufactured by HITACHI, V832 by NEC, SPARClite 
(MB86833) by Fujitsu. 

External Bus Clock 
Can be connected at max. 100 MHz (when using SH4 interface) 


Ready Mode 
Supports normal ready/not ready. 


Endian 
Supports little endian. 


Access Mode 
SRAM interface 
FIFO interface (transfer destination address fixed) 


DMA transfer 
Supports 1-double word (32 bits) /8-double word (32 bytes) (only SH4) for transfer unit. 
ACK used/unused mode can be selected as protocol (only for DAM in dual address mode) 
Supports dual address/mode single address mode (only SH4). 
Supports cycle steel/burst. 
Supports local display list transfer. 


Interrupt 
Vertical (frame) synchronous detection 
Field synchronous detection 
External synchronous error detection 
Drawing command error 


Drawing command execution end 
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Switching internal operating frequency 


Switch the operating frequency immediately after a reset (before rewriting MMR mode register of 
external memory interface). 


Any operating frequency can be selected from the five combinations shown in Table 2-6. 


Table 1-1 Frequency Setting Combinations 


Clock for geometry engine Clock for other than geometry engine 


166 MHz 133 MHz 
166 MHz 100 MHz 
133 MHz 133 MHz 
133 MHz 100 MHz 
100 MHz 100 MHz 


The following relationship is disabled: Clock for geometry engine < Clock for other than geometry 
engine 
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1.4.2 External memory interface 


SDRAM or FCRAM can be connected. 
64 bits or 32 bits can be selected for data bus. 
Max. 133 MHz is available for operating frequency. 


Connectable memory configuration is as shown below. 


External Memory Configuration 


SDRAM 128 Mbits (x16 Bits 32 Bits 2 32 Mbytes 


) 
SDRAM 128 Mbits (x16 Bits 64 Mbytes 
SDRAM 256 Mbits (x16 Bits 64 Mbytes 
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1.4.3 Display controller 


Video data output 


Analog RGB video output is provided. And setting graphics memory bus to 32 bits, digital RGB video 
output is also provided. 


Screen resolution 


LCD panels with wide range of resolutions are supported by using a programmable timing generator as 
follows: 


Screen Resolutions 


Resolutions 
1024 x 768 
1024 x 600 
800 x 600 
854 x 480 
640 x 480 
480 x 234 
400 x 234 
320 x 234 


Hardware cursor 


Coral supports two hardware cursor functions. Each of these hardware cursors is specified as a 64 x 
64-pixel area. Each pixel of these hardware cursors is 8 bits and uses the same look-up table as 
indirect color mode. 


Double buffer method 


Double buffer method in which drawing window and display window is switched in units of 1 frame 
enables the smooth animation. 


Flipping (switching of display window area) is performed in synchronization with the vertical blanking 
period using program. 


Scroll method 


Independent setting of drawing and display windows and their starting position enables the smooth 
scrolling. 


Display colors 
e Supports indirect color mode which uses the look-up table (color palette) in 8 bits/pixels. 


e Entry for look-up table (color palette) corresponds to color code for 8 bits, in other words, 256. Color 
data is each 6 bits of RGB. Consequently, 256 colors can be displayed out of 260,000 colors. 


e Supports direct color mode which specifies RGB with 16 bits/pixels. 
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Overlay 
Compatibility mode 
Up to four extra layers (C, W, M and B) can be displayed overlaid. 
The overlay position for the hardware cursors is above/below the top layer (C). 
The transparent mode or the blend mode can be selected for overlay. 
The M- and B-layers can be split into separate windows. 
Window display can be performed for the W-layer. 
Two palettes are provided: C-layer and M-/B-layer. 
The W-layer is used as the video input layer. 


LO, L2, L4 (0,0) L1 (WX, WY) __L3, L5 (HDB+1, 0) 


Window mode 

e Up to six screens (LO to 5) can be displayed overlaid. 

e The overlay sequence of the LO- to L5-layers can be changed arbitrarily. 

e The overlay position for the hardware cursors is above/below the LO-layer. 
e The transparent mode or the blend mode can be selected for overlay. 

e The L5-layer can be used as the blend coefficient plane (8 bits/pixel). 

e Window display can be performed for all layers. 

e Four palettes corresponded to LO to 3 are provided. 

e The L1-layer is used as the video input layer. 

e Background color display is supported in window display for all layers. 


LO (LOWX, LOWY) L4 (L4WX, L4WY) _L2 (L2WX, L2WY) 


L5 (L5WX, L5BWY) L1 (LiWXx, L1WY) 


L3 (L3WX, L3WY) 
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1.4.4 Video Capture 


The video capture function captures ITU RBT-656 format videos. Video data is stored in graphics memory 
once and then displayed on the screen in synchronization with the display scan. 


Both NTSC and PAL video formats are supported. 


1.4.5 Geometry processing 


Coral has a geometry engine for performing the numerical operations required for graphics processing. 
The geometry engine uses the floating-point format for highly precise operations. It selects the required 
geometry processing according to the set drawing mode and primitive type and executes processing to 
the final drawing. 
Primitives 
Point, line, line strip, independent triangle, triangle strip, triangle fan, and arbitrary polygon are 
supported. 
MVP Transformation 
MVP Transformation 


Setting a 4 x 4 transformation matrix enables transformation of a 3D model view projection. 
Two-dimensional affine transformation is also possible. 


Clipping 
Clipping stops drawing of figures outside the window (field of view). Polygons (including concave 
shapes) can also be clipped. 

Culling 
Triangles on the back are not drawn. 


3D-2D Transformation 
This functions transforms 3D coordinates (normalization) into 2D coordinates in orthogonal or 
perspective projections. 

View port transformation 
This function transforms normalized 2D coordinates into drawing (device) coordinates. 


Primitive setup 
This function automatically performs a variety of slope computations, etc., based on transforming 
vertex data into coordinates and prepares for rendering (setup). 

Log output of device coordinates 
The view port conversion results are output to the local memory. 
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1.4.62D Drawing 


2D Primitives 


Coral can perform 2D drawing for graphics memory (drawing plane) in direct color mode or indirect 
color mode. 


Bold lines with width and broken lines can be drawn. With anti-aliasing smooth diagonal lines also 
can be drawn. 


A triangle can be tiled in a single color or 2D pattern (tiling), or mapped with a texture pattern by 
specifying coordinates of the 2D pattern at each vertex (texture mapping). At texture mapping, 
drawing/non-drawing can be set in pixel units. Moreover, transparent processing can be performed 
using alpha blending. When drawing in single color or tiling without Gouraud shading or texture 
mapping, high-speed 2DLine and high-speed 2DTriangle can be used. Only vertex coordinates are 
set for these primitives. High-speed 2DTriangle is also used to draw polygons. 


2D Primitives 


Primitive type Description 
Point Plots point 
Line Draws line 
Bold line strip Draws continuous bold line 
(provisional name) This primitive is used when interpolating the bold line joint. 
Triangle Draws triangle 
High-speed 2DLine Draws lines 
Compared to line, this reduces the host CPU processing load. 
Arbitrary polygon Draws arbitrary closed polygon containing concave shapes 


consisting of vertices 


Arbitrary polygon drawing 


Using this function, arbitrary closed polygon containing concave shapes consisting of vertices can be 
drawn. (There is no restriction on the count of vertices, however, the polygon with its sides crossed 
are not supported.) In this case, as a work area for drawing, polygon drawing flag buffer is used on 
the graphics memory. In drawing polygon, draw triangle for polygon drawing flag buffer using 
high-speed 2DTriangle. Decide any vertex as a starting point to draw triangle along the periphery. It 
enables you to draw final polygon form in single color or with tiling/texture mapping in a drawing frame. 
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BLT/Rectangle drawing 


This function draws a rectangle using logic operations. It is used to draw pattern and copy the image 
pattern within the drawing frame. It is also used for clearing drawing frame and Z buffer. 


BLT Attributes 
Attribute Description 
Raster operation Selects two source logical operation mode 
Transparent processing Performs BLT without drawing pixel consistent with the 
transparent color. 
Alpha blending The alpha map and source in the memory is subjected to alpha 


blending and then copied to the destination. 


Pattern (Text) drawing 
This function draws a binary pattern (text) in a specified color. 


Pattern (Text) Drawing Attributes 


Attribute Description 
Enlarge Vertically 2 x 2 
Horizontally x 2 
Vertically and Horizontally x 2 
Shrink Vertically 1/2 x 1/2 
Horizontally 1/2 
Vertically and Horizontally 1/2 


Drawing clipping 
This function sets a rectangle frame in drawing frame to prohibit the drawing of the outside the frame. 
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1.4.73D Drawing 


3D Primitives 
This function draws 3D objects in drawing memory in the direct color mode. 


3D Primitives 


Primitive Description 

Point Plots 3D point 

Line Draws 3D line 

Triangle Draws 3D triangle 

Arbitrary polygon Draws arbitrary closed polygon containing concave shapes 


consisting of vertexes 


3D Drawing attributes 


Texture mapping with bi-linear filtering/automatic perspective correction and Gouraud shading provides 
high-quality realistic 3D drawing. A built-in texture mapping unit performs fast pixel calculations. 
This unit also delivers color blending between the shading color and texture color. 


Hidden plane management 
Coral supports the Z buffer for hidden plane management. 
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1.4.8 Special effects 


Anti-aliasing 
Anti-aliasing manipulates line borders of polygons in sub-pixel units and blend the pre-drawing pixel 
color with color to make the jaggies be seen smooth. It is used as a functional option for 2D drawing 
(in direct color mode only). 

Bold line and broken line drawing 
This function draws lines of a specific width and a broken line. 


Line Drawing Attributes 


Attribute Description 
Line width Selectable from 1 to 32 pixels 
Broken line Set by 32 bit or 24 bit of broken line pattern 


e Supports the verticality of starting and ending points. 
e Supports the verticality of broken line pattern. 


e Interpolation of bold line joint supports the following modes: 
(1) Broken line pattern reference address fix mode 


— The same broken line pattern is kept referencing for the period of some pixels starting from the 
joint and the starting point for the next line. 


(2) No interpolation 
e Supports the equalization of the width of bold lines. 
e Supports the bold line edging. 
e Not support the Anti-aliasing of dashed line patterns. 


e For a part overlaid due to connection of bold lines, natural overlay can be represented by providing depth 
information. (Z value). 


Shading 
Supports the shading primitive. 


Drawing is performed to the body primitive coordinates (X, Y) with an offset as a shade. At this drawing, 
the Z buffer is used in order to differentiate between the body and shade. 
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Alpha blending 


Alpha blending blends two image colors to provide a transparent effect. CORAL supports two types 
of blending; blending two different colors at drawing, and blending overlay planes at display. 
Transparent color is not used for these blending options. 


There are two ways of specifying alpha blending for drawing: 


(1) Set a transparent coefficient to the register; the transparent coefficient is applied for transparency 
processing of one plane. 


(2) Set a transparent coefficient for each vertex of the plane; as with Gouraud shading, the transparent 
coefficient is linear-interpolated to perform transparent processing in pixel units. 


In addition to the above, the following settings can be performed at texture mapping. When the most 
significant bit of each texture cell is 1, drawing or transparency can be set. When the most significant 
bit of each texture cell is 0, non-drawing can be set. 


Alpha Blending 


Type Description 
Drawing Transparent ratio set in particular register 


While one primitive (polygon, pattern, etc.), being drawn, 
registered transparent ratio applied 


A transparent coefficient set for each vertex. A 
linear-interpolated transparent coefficient applied. 


This is possible only in direct color mode. 


Overlay display Blends top layer pixel color with lower layer pixel color 
Transparent coefficient set in particular register 


Registered transparent coefficient applied during one frame 
scan 


Gouraud Shading 


Gouraud shading can be used in the direct color mode to provide 3D object real shading and color 
gradation. 


Gray Scale Gouraud Shading 


Gray scale gouraud shading can be used in the in-direct color(8bit/pixel) mode to draw a blend 
coefficient layer. 


M B86294/ 294S CORAL_LB 
Graphics Controller 24 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


Texture mapping 


Coral supports texture mapping to map an image pattern onto the surface of plane. The texture 
pattern can be laid out in the graphics memory. In this case, max. 4096 x 4096 pixels can be used. 


For drawing 8-bit color, only point sampling can be specified for texture interpolation; only de-curl can 
be specified for the blend mode. 


Texture Mapping 


Function Description 
Filtering Point sample 
Bi-linear filter 
Coordinates correction Linear 
Perspective 
Blend De-curl 
Modulate 
Stencil 
Alpha blend Normal 
Stencil 
Stencil alpha 
Wrap Repeat 
Cramp 
Border 
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1.4.9 Others 


Drawing color 
8-bit indirect color and 16-bit direct color are supported as a drawing input data. 


Top-left rule non-applicable mode 
In addition to the top-left rule applicable mode in which the triangle borders are compatible with 
CREMSON, the top-left rule non-applicable mode can be used. (In case of non-top-left polygon 
drawing, an object has to be in a geometry clipping area.) 
Caution: Use perspective correct mode when use texture at the top-left rule non-applicable mode. 
Top-left rule non-applicable primitives cannot use Geometry clip function. 


Non-top-left-part’s pixel quality is less than body. (using approximate calculation) 
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2 PINS 


2.1 Signals | 


2.1.1 Signal lines 


* means these pins 


DCLKO are multiplexed. 
DO-31 DCKLI 
A2-25 HSYNC 
BCLKI VSYNC 
XRST CSYNC 
XCS DISPE Midbet output 
interface 
XRD GV 
Host CPU XW E0-3 (R7-0)* 
interface XRDY G(7-0)* 
— CORAL-LB one 
ce Graphics Controller eae: 
DRACK AOUTR/G/B 
DTACK COMPR/G/B 
XINT PBGA/HQFP256 VR 
RDY_MODE 
BS_ MODE (MD63-32)* 
MD31-0 
CLK MAO-14 
Clock s MBAS 
CKM MCAS Graphics memory 
CLKSELO-1 MWE interface 
MDQM7’*,6*,5-0 
MCLKO 
MCLKI 
Test | TESTH 
CCLK Video Capture 
(VI7-0)* interface 
Fig. 2.1 CORAL Signal Lines 
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2.2 Pin Assignment | 


2.2.1 PBGA256 Pin assignment diagram (TOP_VIEW) 


1,/2|3/4]5)] 6] 7} 8] 9 | 10/11) 12) 13] 14] 15 | 16] 17} 18] 19} 20 


CE REP EP Pos [[s [es [=[9 [ol 
= Po fiefs oo iain fof 
Po sao eo an ol 
Pa fess face 
= feo al afl 
re BSE) 
BoD BDI 
Boa sofa 
EACH a 
pos SDISEE) 
re faefie] [froma] |] (eff io 
pap f fa] | aeeesomesieeioe | [eff is 
Boa ff 
oa SOGDIE 
Ps of EGE 
fo [spar SG IIE 
[fo fie sf fin ie of fro 
fo fifi ie sor iain 
foes [> fo > x sf fof 
PPE EEE PEEP = >) 


Klelelcalyl/mlyyzlZzirolAls|zlalal(ml(olalw|> 


Note: The MODE2 signal used for Orchid is changed as shown below. 
MODE2 signal for Orchid + RDY_MODE signal for Coral 
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2.2.2 PBGA256 Pin assignment table 


Pin Name Pin No Pin Name Pin No Pin Name Pin No Pin Name 
Aj 1 OPEN 65 A [13 MD54 129 B [18 MD35 / B5 193 CJi5 VDDL 
Bi 1 VSYNGC 66 A |12 MD57/Vii 130 B [17 MD40 / G2 194 Cc VDDH 
Cli GV 67 A|i1 VDDL 131 B [16 MD42 / G4 195 Cc MD48 / R2 
Di 1 XINT 68 A |10 MD59/ VI3 132 B [15 MD45 / G7 196 Cc MD52 / R6 
E|[1 VDDH 69 A|9 MD60 / VI4 133 B [14 MD49 / R3 197 Cc MD55 
Fld XRD 70 A|8 VDDL 134 B [13 VDDL 198 Cc MD62/ VI6 
G{1 D1 71 Al|7 TESTH 135 B [12 VDDH 199 Cc TESTH 
H| 1 D3 72 A|6 TESTH 136 B [11 MD56 / VIO 200 Cc AVD2 
J] D6 73 A 5 AVS2 137 B [10 MD61 / VI5 201 Cc AVD1 
K [1 VDDL 74 Al 4 COMPG 138 B[9 CCLK 202 Cc AVDO 
Li 1 VSS 75 A{|3 VRO 139 B[8 TESTH 203 Cc VREF 
M{[1 D8 76 Aj 2 COMPR 140 B| 7 AOUTB 204 Cc RDY_MODE 
N[ 1 D11 77 B| 2 MODE1 141 B[6 AOUTG 205 D VSS 
P{[1 D1i3 78 Ci2 MODE2 142 B[5 AOUTR 206 E VDDH 
R|1 D1i6 79 D[ 2 DISPE 143 B[ 4 AVSO 207 F VSS 
Tl 1 D20 80 E|2 DCLKO 144 B[ 3 BS_MODE 208 G VDDL 
U1 D22 81 Fl] 2 C13 MODEO 209 H VSS 
Vi 4 D25 82 G[2 DI 3 DCLKI 210 J VDDL 
W{1 D28 83 H| 2 E[3 HSYNC 211 K D7 
Yi] 1 VSS 84 J[2 FI 3 CSYNC 212 L D10 
Y|2 DTACK 85 K | 2 G|[3 XRDY 213 M VDDL 
Y[ 3 A383 86 L|2 H| 3 BCLKI 214 N VSS 
Y|4 A7 87 M|[ 2 J] 3 DO 215 P D23 
¥| 5 AQ 88 N| 2 K[3 D4 216 R D19 
Y|6 P[2 L| 3 VDDH T D29 
¥/7 R|[ 2 M[3 U VSS 
Y|8 T[2 N[ 3 U XWE3 
Y|9 U[2 P[3 U A10 
Y Vv [2 R[3 U VDDL 
Y W| 2 T[3 U VSS 
Y W[3 Ul 3 U A1l4 
Y W| 4 V3 U A21 
x4 W[5 Vi 4 U CKM 
Y W|6 Vi 5 U PLLVDD 
Y W| 7 Vi[6 U VSS 
Y W|[8 V{[7 U VDDL 
Y W[9 V[8 U VDDH 
Y W Vi 9 U MD10 
¥ W Vv U VSS 
Ww W. Vv T MD16 
Vv W Vv Ss R MD27 
U W CLKSELO Vv CLKSEL1 P MD23 
T Ww MD1 Vv MD2 N VSS 
R Ww MD4 Vv MD5 M VSS 
P W MD7 Vv MD8 L DQM2 
N Ww MD11 V MD1i2 K MA3 
M W MD14 Vv MD13 J VDDL 
L Vv MD15 U VDDH H VSS 
K U MD19 T MD18 G VDDL 
J T MD22 R MD21 F MA11 
H R MD25 P VDDL E VSS 
G P MD29 N MD28 D VSS 
F N MD31 M VDDL D MD37 / B7 
E M VSS E MCLKO D MD47/R1 
D L. DQMO K MA2 D MD43 / G5 
Cc DQM4 K MA1 J MA7 D VSS 
B DQM7/Bi1 121 J MA5 185 H MA10 249 D MD51/R5 
A VSS 122 H MA8 186 G MA14 250 D MD58 / Vi2 
A MD38 / GO 123 G MAQ 187 F MWE 251 D MD63/ VI7 
A MD41 / G3 124 F MA13 188 E DQM6 / BO 252 D TESTH 
A MD44 / G6 125 E MCAS 189 D MD32 / B2 253 D VSS 
A MD46 / RO 126 D DQM5 190 Cc MD33 / B38 254 D AVS1 
A MD50 / R4 127 Cc VDDH 191 Cc MD36 / B6 255 D COMPB 
A MD53 / R7 128 B MD34 / B4 192 Cc MD39// G1 256 D XRGBEN 
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2.2.3 HQFP256 Pin assignment diagram 


cbazZc iv S-~-OgFuPrrrr.r SSSSS_ SES fee ,€LEEL6S,S GF SS5GGRBS 
PSOHEESOSER SSS SSS AER EEE Ee MALI CS lal O BSA ~ SA eTS SSCL ES yal sce ees 
Oe BT Ze SOR ZS ZO ZO TOU UMM ASSSSSSSBSORRSQOQSLRARORLLSE LL TOLL IAT sAREsss 
SagS67 ZOO OK OKO Ke OP Pm OSs BBB Bar BBbzz=57"G4GGFbb5b00b8F87 65855045545 
co 22222 222 222i 2222222 = = S2Sz222222 
glelslelalsisielels|slelslels|sielelelsielsislelalsieielelsielelelelalslelelelsselelslelel-lelelelslelzlelelalsielelalsislslele 
ceded Es a dd Ed Go Ost sd Gd td Esk sd Cd Gd Cd cd Gd Gd dsc ad dsl Ed End Kad End cdc and Ed Cede Ed Cd CcddGd Cd cdf) Gd Edad dd Kd dee eed ea a 

MODE1 1 

MODE2 |{_2 

DCLKI 3 

VDDH 4 

VSYNC |_ 5. 

HSYNC | 6 

DISPE Te 

Gav 8 

CSYNC | 9 

DCLKO | 10 

VSS 1 

VDDL 12 

XRDY 13 

XINT 14 

DREQ 15 

VDDH 16 

VSS 17 

BCLKI 18 

XCS 19 

XRD 20 

XBS 21 

VDDL 22 

Do 23 

D1 24 

VSS 25 

D2 26 

D3 27 

D4 28 

DS 29 

D6 30 

D7 31 

VDDL 32 

VSS 33 

Ds 34 

Dg 35 

VDDH | 36 

D10 37 

D111 38 

Di2 39 

vss 40 

D13 41 

D1i4 42 

VDDL 43 

D1i5 44 

D1i6 45 

D17 46 

D18 47 

Di9 48 

D20 49 

D21 50 

VDDH |_ 51 

D22 52 

D23 53. 

VSS 54 

VDDL 55 

D24 56 

D25 57 

D26 58 

D27 59 

D28 60 

D29 61 

D30 62 

D31 63 

VSS 64 
88/5 /S|SISIRIN [|XX [<I8 |e ]2/S|m|9]B]S]8/8]3]/B]3/3/q|s/8/3/8|8|5/8/8/S]5/S/S/S/S/s/sis/Sle yr yee) |e lei SPS INIA AAS ls lals 

= 

BERESS yoru Meonwaekraerinneneserndaeweh eur Beak BEscraedoseeregerye 
ZRLSR ET TK SOK RRR EO EEE OES EE TERI SORA EE GS IO GSS NS OSES SOS SESS SSoees 


Note: 


MODE2 signal for Orchid + RDY_MODE signal for Coral 
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The MODE2 signal used for Orchid is changed as shown below. 


192 
191 
190 
189 
188 
187 
186 
185 
184 
183 
182 
181 
180 
179 
178 
177 
176 
175 
174 
173 
172 
171 
170 
169 
168 
167 
166 
165 
164 
163 
162 
161 
160 
159 
158 
157 
156 
155 
154 
153 
152 
151 
150 
149 
148 
147 
146 
145 
144 
143 
142 
141 
140 
139 
138 
137 
136 
135 
134 
133 
132 
131 
130 
129 


MD33 / B3 
MD32 / B2 
VDDH 
VSS: 
DQM7/Bi1 
DQM6 / BO 
DQM5S 
DQM4 
MWE 
MCAS 
VSS, 
VDDL 
MRAS 
MA14 
MA13 
MA12 
MA11 
MA10 
MAQ 
VDDH 
MA8. 
VDDL 
MA7 
MAG. 
VSS, 
MAS. 
MA4 
MA3. 
MA2 
MAI 
MAO 
VDDL 
DQM3 
DQM2 
DQM1 
DQMO 
MCLKO 
VDDH 
VSS 
VSS 
MCLKI 
VDDL 
VSS, 
MD31 
MD30 
MD29 
MD28 
MD27 
MD26 
MD25 
MD24 
VDDL 
MD23 
VSS 
MD22 
MD21 
MD20 
MD19 
MD18 
MD17 
MD16 
VDDH 
MD15 
MD14 
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2.2.4 HQFP256 Pin assignment table 


Pin No Pin Name Pin No Pin Name Pin No Pin Name Pin No Pin Name 
MODE1 65 xX WEO 129. |IMD14 193 |MD34/B4 


DCLKI XWE2 131 VDDH 195 _ |MD36/ Bo 
VSYNC 133. JMDI17 197 | |MD38/G0 


15 [DREQ 
16 
17__ [vss 81 |A10 145 [MD27 209 [MD47/R1 
18 82 |VDDH 146 [MD28 210 |MD48/R2 
All 147 [MD29 211 [MD49/R3 


Al3 149 [MD31 213 [VDDL 
VDDL 151 |VDDL 215 [MD52/R6 
VSS 153 [VSS 217 [VSS 
AIT 155 |VDDH 219 |MD54 
156 220 [MD55 
DQMO 221 |MD56/ VIO 
DQMI 222 


DQM2 223 
DOQM3 24 
25 


2 
98 A23 162. [MAO 226 _|MD60/ VI4 
100 }A25 164. |MA2 228 _JMD62/ VI6 
102. [XRST 166 |MA4 230 —{VDDL 
40 104. |VSS 168 {VSS 232 [VSS 


RlRelrele 


76 VDDL 140 
14 XINT AT 142. |MD24 
A8 
A9 


< < 
iw) iw) 
iw) iw) 
x a 
PPE 
S|] 00 


w 
Q 
s 
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CS 
RD 
XBS 
VDDL 
0 
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4 
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6 
7 
8 
9 
0 
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8 
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9 


BK 


WIN 
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On 


Ww 
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an 
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ive) 
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FA 
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a 
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=|E|g 
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o 


< es) Ol< 
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41 CLK 169 MA6 233 
42 D14 106 S 170 MA7 234 
43 107 PLLVDD 171 VDDL 235 
109 VSS 173 ‘VDDH 237 TESTH 
46 D1I7 
47 D18 
49 D20 113 MDO 177 MA12 241 AVS2 
115 MD2 179 MAI14 243 AVD1 
52 22 116 MD3 180 MRAS 244 
53 D23 117 VDDL 181 VDDL 245 
54 VSS 118 VSS 182 VSS 246 
24 120 MD5 184 MWE 248 AVDO 
249 
4 


= 
w) 
s) 


o 


45 D16 

110 _|CLKSELO 174. |MA9 238 J|AOUTB 
111. |CLKSEL1 175 |{MA10 239 JAVD2 

48 4 

4 

51 4 

4 

4 

D25 4 


57 
58 


D26 122 |MD7 186 |[DQM5 250 _JAVSO 
28 124 |MD9 188 _|[DQM7/B1 252 _{COMPR 
D30 126 |MDI1 190 _|}VDDH 25 BS_MODE 


127. |MD12 191 |MD32/B2 255 [RDY_MODE 
SS 128 |MD13 192. |MD33/B3 256 _|MODEO 
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Notes 
Vss/PLLVsg : Ground 
VopbH : 3.3-V power supply 
VopL/PLLVpp : 1.8-V power supply 
PLLVpp : PLL power supply (1.8 V) 
OPEN : Do not connect anything. 
TESTH : Input a 3.3 V-power supply. 
AVS : Analog Ground 
AVD : Analog power supply (3.3 V) 


- tis recommended that PLLVpp should be isolated on the PCB. 
- Itis recommended that AVD should be isolated on the PCB. 


- Insert a bypass capacitor with good high frequency characteristics between the power supply and 
ground. 


Place the capacitor as near as possible to the pin. 
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2.2.5Pin treatment table 


D rection 
ial 


Table 1. Pin treatment table 


(Host interface, Video output interface) 


Default Treatment 


Treatment of unused * 2 


Comment 


Connect 
CPU node. 


o VDCH or GN according to the 


See "4.1 Qepration Mode" 


Connect to VDDH or GND according to the 
Ready signal mode. 


See "4.1 Qepration Mode" 


Connect to VDDH or GND according to the 


See "4.1 Qepration Mode" 


BS _signal_ node. 
1O Connect _to CPU data bus <= 
| Connect to CPU address bus <= oa A24 to XMIMR in the V832 


Connect U bus cl ock 


Connect to CPU bus cycle start 
indi cating si gnal 


VDD when BS_MODE=VDD 


Max 100Mz. Input the clock when 
power- on. See "12.2.2 Power on 
Precaution" 

This signal is 1 shot BCLKI pulse 
that indicates the bus cycle start. 
See "4.1 Oepration Mode" . 


Host Interface 


Connect 
Connect 


o chip select si gnal 


o CPU read strobe si gnal 
Connect U wite byte enable si gnals 


o CPU Ready (Wit) si gnal 
Up/Down according to RDY_MODE 


Connect and 


Pul | 


< 


< 


Connect byte enable signal in V832 
mode 


See "4.1 Operation Mode" 


Connect to CPU PREQ si gnal 


OPEN 


SH3/4,V832=Low Active, See "4.3 
DIVA Transfer" 


Connect to CPU DRA si gnal 


Connect to GND 


Connect to DMAAK signal in V832 
Mode, SH3/4,V832=High Active, 
See "4.3 DMA Transfer " 


Connect U DIACK si gnal 


SH3/4=GND, 
V832=VDDH 


Connect to XTC signal in V832 
moce, 

SH3/4=High Active, V832=Low 
Active, See "4.3 DMA Transfer" 


Connect Uinterrupt si gnal 


Connect to dot clock 


OPEN 


SH3/4=Low Active, V832=High 
Active 

Selectable clock source, DCLKI or 
output of internal PLL. See DCM 
Register in" 10.2.3 Display 
Controller Register" 


| Connect to clock for dot clock GND 


Connect 
Connect 


o HSYNC signal and Pull Up 
o VSYNC signal and Pull Up 


<= 


Connect to CSYNC signal 


Connect to display enable signal 


Connect to select signal of analog video switch 


GDC's display=High Level 


Video Output 
Interface 


Connect to VDDH or GND according to the usage 
of upper bit of graphics memory 


See "2.3.2 Video Output Interface", 
"2.3.4 Graphics Memory Interface" 


terminate at 75 ohm 


Input 1.1V. A bypass capacitor (with good high- 
frequency characteristics) must be inserted 
between VREF and AVS. 
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Tied to analog AVD via 0.1uF ceremic capacitor 


Pull- down to analog ground by a 2.7K ohm 
resister. 
Connect to video signals. 


Available when XRGBEN=0 only. 
iplexed MD53- MD32, MDQM7- MDQM6. 
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When XRGBEN=O, 
OPEN 


See "2.3.2 Video Output Interface", 
"2.3.4 Graphics Memory Interface" 
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Table 2. Pin treatment table 


(Video capture interface, graphics memory interface, Clock/System) 


, D rection 
| | Pin Name | +4 Default Treatment Treatment of unused * 2 Comment 


CCLK Connect to RBT656 clock signal (27MHz) <= 
Video Capture Connect to RBT656 video stream signals. " : 
Interface VIO-VI7 Available when XRGB=0 only. When XRGBEN=O, See "2.3.3 Video Capture 


iplexed MD56- MD63. Pull- Up Interface" , 


MDO- MD31 10 Connect to graphics memory data bus <= 


1.XRGBEN=1 


F MD32- MD63=>OPEN ‘ . 
Connect to graphics memory data bus. 2XRCBEN-O See "2.3.4 Graphics Memory 


Available when XRGBEN=1 only. MD32- MD63=>OPEN Interface" 


MD54- MD63=>Pull- Up 


Connect to graphics memory address and bank Unused upper pins =>OPEN See "5.4 Connection wth 


signals memory" 


Connect to graphics memory row address strobe 
Graphics Memory signal 
Interface Connect tor graphics memory colum address 

strobe signal 

Connect to graphics memory write enable signal 
Connect to graphics memory data mask signals <= 

Memory bus width= 32bit 
Connect to graphics memory data mask signals. (Both XRGBEN=O and See "2.3.4 Graphics Memory 
Available when XRGBEN=Tonly. XRGBEN=1) Interface" 

MDQIV4- MDQM7=>OPEN 
Connect to graphics memory clock and MCLKI* 4 <= 

Connect to MCLKO* 3 

Connect to GND or VDDH according to the input 
frequency to CLK 


See "2.3.5 Clock Input" 


See "2.3.5 Clock Input", "12.2.2 
Power on Precaution" . Input the 
clock when power- on. 

See "12.2.2 Power on 

Input hardware reset si gnal Precaution". XRST has to be 
Low | ovel_ when _pover- on. 
See "2.3.5 Clock Input", "12.2.2 
Input PLL reset Power on Precation" . S has to be 


Input a clock according to the setting of 


oh CLKSEL1-0 


Clock/ System 


- 90<BCLKI<100MHz & Internal Clcok* 5=100MHz 
=>VDDH(Use BCLKI as Internal Clock) * 6 
BCLKI<90MHz=>GND(Use PLL output) See "2.3.5 Clock Input" 
90<BCLKI<100MHz&lnternal Clock* 5= 133MHz 
=>GND(Use PLL output) *7 


Note) This device is warranted under the above listed condition. No warranty made with other 


combination or treatments. 


Semiconductor devices fail with a known probability. Customer must use safety design ( such as redundant 
design, fire proof design, over current prevention design, and malfunction prevention design) so that failures will 
not cause accidents, injury or death. 

*1: :|Anput pin, O=Output pin , O(T)= Output Tri-state pin, |O=Bi-directional pin, Analog O=Analog output, Analog=Analog 
pin for DAC 

*2:"<=" mark means treat a pin same as default 

*3:Recommend to be same length MCLKI toA, MCLKO toA, SDRAM CLK toA and take care theAC spec of graphics memory 
interface. 

*4:All of analog pins are possible to connect to GND when NOT use DAC. But if connect to GND, all of analog pins(includes 
AVD) have to connect GND. 

*5:The internal clock means "others clock"(memory dock, rendering clock,etc) which is set by COT bit of CCF register. 

*6: In case of CKM=L, BCLKI is used the both internal dock geometry and others module. 

*7: 1n case of "90<BCLKI<1LOOMHz"&"Internal clock=133M Hz", set COT bit of CCF register at first to 133MHz after power-on. 


Coral 
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2.3 Pin Function | 


2.3.1 Host CPU interface 


Table 2-1 Host CPU Interface Pins 


Pin name V0 Description 

MODE0-2 Input Host CPU mode select 

RDY_MODE Input Normally ready, Not ready select 

BS MODE Input BS signal with/without select 

XRST Input Hardware reset (“L”=Reset, Set to low level when power-on) 

DO-31 In/Out Host CPU bus data 

A2-A25 Input Host CPU bus address (In the V832 mode, A[24] is 
connected to XMWR.) 

BCLKI Input Host CPU bus clock 

XBS Input Bus cycle start signal 

XCS Input Chip select signal 

XRD Input Read strobe signal 

XWEO Input Write strobe for DO to D7 signal 

XWE1 Input Write strobe for D8 to D15 signal 

XWE2 Input Write strobe for D16 to D23 signal 

XWE3 Input Write strobe for D24 to D31 signal 

XRDY Output Wait request signal (In the SH3 mode, when this signal is 

Tri-state “0”, it indicates the wait state; in the SH4, V832 and 
SPARClite modes, when this signal is “1”, it indicates the 
wait state.) 

DREQ Output DMA request signal (This signal is low-active in both the SH 
mode and V832 mode.) 

DRACK/DMAAK Input Acknowledge signal in response to DMA request (DMAAK is 
used in the V832 mode; this signal is high-active in both the 
SH mode and V832 mode.) 

DTACK/XTC Input DMA transfer strobe signal (XTC is used in the V832 mode. 
In the SH mode, this signal is high-active; in the V832 mode, 
it is low-active.) 

XINT Output Interrupt signal issued to host CPU (In the SH mode, and 
SPARClite this signal is low-active; in the V832 mode, it is 
high-active) 


With regard to BCLKI and XRST, the details, please refer “13.3.2N ote at power-on”. 
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Coral can be connected to the Hitachi SH4 (SH7750), SH3 (SH 7709) NEC V832 and Fujitsu SPARClite 
(MB86833) without external circuit. In the SRAM interface mode, Coral can be used with any other 
CPU aswell. Thehost CPU is specified by the MODEO to 2 pins. 


MODE 2 MODE 1 MODE 0 CPU 
L L L SH3 
I: L H SH4 
i H L V832 
L H H SPARClite 
H X X Reserved 


When the bus cycle terminates, a ready signal level can be set. When using the RDY_MODE signal at 
“High” level, set two cycles as the CPU software wait of the CPU. (When BS_MODE = “High” level, set 
the CPU software wait to three cycles.) 


RDY MODE Ready signal mode 
L When the bus cycle terminates, sets the XRDY signal to the ‘not ready’ level. 
H When the bus cycle terminates, sets the XRDY signal to the ‘ready’ level. 


A CPU with no BS (Bus Start) pin can be used. Setting can be performed in all CPU modes. 
Connection can be made to a CPU with no BS signal by setting the BS_MODE signal to “High” level. 


When not using the BS signal, fix the BS pin of CORAL at “High” level. 


When using the BS_MODE signal as “High” level in the normally ready mode, set the CPU software wait 
to three cycles. 


BS MODE BS signal mode 
L Connect to a CPU with the BS signal 
H Connect to a CPU without the BS signal 


The data signal is 32 bits (fixed). 


The address signal is 32 bits (per one double-word) x 24, and has a 64-Mbyte address field. (16-MByte 
address space is provided for V832 and SPARClite.) 


The external bus operating frequency is up to 100 MHz. 


In the SH4, V832, and SPARClite modes, when the XRDY signal is low, it is in the ready state. However, 
in the SH3 mode, when the XRDY signal is low, it is in the wait state. This signal is a tri-state output that 
is synchronized with the rising edge of BCLKI. 


DMA data transfer is supported using an external DMA controller. 

An interrupt signal is generated to the host CPU. 

The XRST input must be kept low for at least 300 us after setting the S (PLL reset) signal to high. 
In the V832 mode, Coral signals are connected to the V832 CPU as follows: 


CORAL Pins V832 Signals 
A24 XMWR 
DTACK XTC 
DRACK DMAAK 
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2.3.2 Video output interface 


Table 2-2 Video Output Interface Pins 


Pin name ke) Description 
DCLKO Output Dot clock signal for display 
DCLKI Input Dot clock signal input 
HSYNC /0 Horizontal sync signal output 
Horizontal sync input <in external sync mode> 
/0 Vertical sync signal output 
Vertical sync input <in external sync mode> 
Output Composite sync signal output 
Output Display enable period signal 
Output Graphics/video switch 
Output Digital picture (R) output. These signals are multiplexed 
MD53-MD46. These pins are available when XRGEN = 0. 
Output Digital picture (G) output. These signals are multiplexed 
MD45-MD38. These pins are available when XRGEN = 0. 
Output Digital picture (B) output. These signals are multiplexed 
MD37-MD32 and MDQM7-6. These pins are available when 
XRGEN = 0. 
XRGBEN Input Signal to switch between RGB1-0 output, capture singnals 
/memory bus (MD 63-MD32,MDQM7,6) 
AOUTR Analog Output Analog Signal (R) output 
AOUTG Analog Output Analog Signal (G) output 
AOUTB Analog Output Analog Signal (B) output 
ACOMPR Analog Analog (R) Compensation output 
ACOMPG Analog Analog (G) Compensation output 
ACOMPB Analog Analog (B) Compensation output 
VREF Analog Analog Volatage Reference input 
VRO Analog Analog Reference Current output 


It is possible to output digital RGB, when XRGBEN = 0.(Memory bus=32bit) 
Additional setting of external circuits can generate composite video signal. 
Synchronous to external video signal display can be performed. 


Either mode which is synchronous to DCLKI signal or one which is synchronous to dot clock, as for 
normal display can be selected. 


Since HSYNC and VSYNC signals are set to input state after reset, these signals must be pulled up LSI 
externally. 


The GV signal switches graphics and video at chroma key operation. When video is selected, the “Low’ 
level is output. 


AOUTR, AOUTG and AOUTB must be terminated at 75 ohm. 


1.1-V is input to VREF. A bypass capacitor( with good high-frequency characteristics) must be inserted 
between VREF and AVS. 


ACOMPR, ACOMPG and ACOMPB are tied to analog VDD via 0.1uF ceremic capacitors. 
VRO must be pulled down to analog ground by a 2.7 k ohm resister. 


When not using DAC, it is possible to connect all of analog pins(AVD, AOUTR,G,B, ACOMPR,G,B, VREF, 
VRO) to GND. 
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The 16bit/pixel color mode and 8bit/pixel color mode are converted to digital R:G:B=8:8:8 as the below. 


A) 16bit/pixel color mode 


R:G:B=5:5:5 data Digital R:G:B=8:8:8 
in graphics memory 
—— 0 0 
ie 1-31 Add 111 to lower 3bits 


Formula=X*8+7 


B) 8bit/pixel color mode 


R:G:B=6:6:6 data Digital R:G:B=8:8:8 
in color pallete 
— 0 0 
_ 1-63 Add 11 to lower 2bits 


Formula=X*4+3 


The Y,Cb,Cr mode is converted to R:G:B=8:8:8 directly. 


2.3.3 Video Capture interface 


Table 2-3 Video Capture Interface Pins 


Pin name Description 
CCLK Digital video input clock signal input 


VI7-0 ITU656 Digital video data input. These pins are 
multiplexed MD63-MD56. 


Inputs ITU-RBT-656 format digital video signal 

Digital video data input can be used only when the XRGBEN pin is “0”. MD63-MD56 are assigned as 
the digital video data input pins. 

When video capture is not used and the XRGBEN pin is 0, input the “High” level to MD63-MD56. 
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2.3.4Graphics memory interface 


Table 2-3 Graphics memory interface pins 


Pin name Description 
MD31-0 /O Graphics memory bus data 


MD53-32 /O Graphics memory bus data or digital R7-0, G7-0, 
B7-2 output (when XRGBEN pin = 0) 


MD55-54 /O Graphics memory bus data 


MD63-56 /O Graphics memory bus data or video capture input 
(when XRGBEN pin =0) 


MAO-14 Output Graphics memory bus data 

MRAS Output Row address strobe 

MCAS Output Column address strobe 

MWE Output Write enable 

MDQM5-0 Output Data mask 

MDQM/7-6 Output Data mask or digital B1-0 output(when XRGBEN=0) 


MCLKO Output Graphics memory clock output 


MCLK1 Input Graphics memory clock input 


Connect the interface to the external memory used as memory for image data. The interface can be 
connected to 64-/128-/256-Mbit SD RAM (16- or 32-bit length data bus) without using any external 
circuit. 


64 bits or 32 bits can be selected for the memory bus data. 
Connect MCLKI to MCLKO. 

- When memory bus width is 32 bit and digital RGB output is used ( XRGBEN="0”), MD54-63 pins are 
set to “high level”, and MD32-53 pins and MDQM4-7 pins are set to open. 


- When memory bus width is 32 bit and digital RGB output is not used ( XRGBEN="1”), MD32-63 pins 
and MDQM4-7 pins are set to open. 


When XRGBEN is fixed at “1”, MD63-MD32 and MDQM7-MDQM6 can be used as graphics memory 
interface. 


When XRGBEN is fixed at “0”, these signals can be used as digital RGB output and video capture data 
input. 
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2.3.5 Clock input 


Table 2-4 Clock Input Pins 


Pin name Description 


Clock input signal 


PLL reset signal (“L’=Reset) Input the signal 


“L’=>”H” regardless of CKM setting when power-on. 
Details, refer to “13.3.2Note at power-on” 


Clock mode signal 


CLKSEL [1:0] Clock rate select signal 


e Inputs source clock for internal operation clock and display dot clock. Normally, 4 Fsc (= 14.31818 MHz: 
NTSC) is input. An internal PLL generates the internal operation clock of 166 MHz/133 MHz and the 
display base clock of 400 MHz. 


e For the internal operation clock, use either the output clock of the internal PLL or the bus clock input 
(BCLKI) from the host CPU. When the host CPU bus speed is 100 MHz, the BCLKI input should be 
selected. (CKM=H) 


Clock mode 


Output from internal PLL selected 
Host CPU bus clock (BCLK1) selected 


e In case of use BCLKI as internal clock (CKM=H) and use DCLKI as dot clock, it is possible to set the pins 
as the follows. 


A) In case of MB86294 


Connect S pin to low level, and input a clock to CLK pin.(The clock has to input to CLK before releasing 
a hardware reset.) 
B) In case of MB86294S 
Don’t stop the PLL (Not fixed the S pin to low level). 
e When CKM = L, selects input clock frequency when built-in PLL used according to setting of CLKSEL pins 


Input clock Multiplication Display 
frequency rate reference clock 


L Inputs 13.5-MHz x 29 391.5 MHz 
clock frequency 


Inputs 14.32-MHz | x 28 400.96 MHz 
clock frequency 


Inputs 17.73-MHz | x 22 390.06 MHz 
clock frequency 


CLKSEL1 | CLKSELO 


Reserved 
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2.3.6 Test pins 


Table 2-5 Test Pins 


Pin name Description 


TESTH Input 3.3-V power. 


2.3.7 Reset sequence 


See “13.3.2 Note at power-on”. 
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3 PROCEDURE OF THE HARDWARE INITIALIZATION 


3.1 Hardware reset 
1.Do the hardware reset. (See section 13.3.2) 


2.After the hardware reset, set the CCF (Change of Frequency) register (Section 11.2.1). 
In being unstable cycle after the hardware reset, keep 32 bus cycles open. 


3.Set the graphics memory interface register, MMR (Memory I/F Mode Register). 
After setting the CCF register, take 200 us to set the MMR register. 
In being unstable memory access cycle, keep 32 bus cycles open. 


4.Other registers, except for the CCF register and the MMR register, should be set after 
setting the CCF register. 
In case of not using memory access, the MMR register could be set in any order after 
the CCF register is set. 


3.2 Rereset 
1. Reset XRST signal. 


2. Seesection 3.1 for registers setting after the procedure of re-reset. 


3.3. Software reset 


1. Set the value of the SRST register (see section 11.2.1) for re-reset. 


2. It isnot necessary to reset the CCF register and the MMR register again. 
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4 HOST INTERFACE 


4.1 Operation Mode | 


4.1.1 Host CPU mode 


Select the host CPU by setting the MODEO to MODE2 signals as follows: 


Table 4-1 CPU Type Setting 


MODE 2 MODE 1 MODE 0 CPU 
ik L L SH3 
L L H SH4 
L H L V832 
L H H SPARClite 
H X X Reserved 


4.1.2 Ready signal mode 


The MODE2 pin can be used to set the ready signal level when the bus cycle of the host CPU terminates. 
For the normally not ready mode, set the software wait to 0 or 1 cycles. When using this device in the 
normally ready mode, set the software wait to 2 cycles. When using this device in the normally not ready 
mode, set the software wait to one cycle. (When BS_MODE = H, three cycles are needed for the 
software wait.) 


The ‘normally not ready mode’ is the mode in which the CORAL XRDY signal is always in the wait state 
and Ready is returned only when read/write is ready. 


The ‘normal ready mode’ is the mode in which the CORAL XRDY signal is always in the Ready state and 
it is put into the wait state only when read/write cannot be performed immediately. 


Table 4-2 Ready Signal Mode 


RDY MODE Ready signal operation 

L Recognizes XRDY signal as ‘not ready level’ and terminates bus cycle 
(normally not ready mode) 

H Recognizes XRDY signal as ‘ready level’ and terminates bus cycle (normally 
ready mode) 
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4.1.3BS signal mode 


Connection to a CPU without the BS signal can be made via the BS_MODE signal. This setting can be 
performed for all CPU modes. To connect to a CPU without the BS signal, set the BS_MODE signal to 


“High” level. 


When not using the BS signal, fix the BS pin of CORAL at “High” level. 


When using the BS_MODE signal as “High” level, with the normally ready mode established, set the CPU 
software wait to three cycles. 


Table 4-3 BS Signal Mode 


BS MODE Operation of BS signal 
L Connects to CPU with BS signal 
Connects to CPU without BS signal 
4.1.4Endian 


CORAL operates in little-endian mode. All the register address descriptions in the specifications are byte 


address in little endian. 


When using a big-endian CPU, note that the byte-or word-addresses are 


different from these descriptions. 
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4.2 Access Mode 


4.2.1 SRAM interface 


Data can be transferred to/from CORAL using SRAM access protocol. CORAL internal registers and 
graphics memory are all mapped to the physical address area of the host processor. 


CORAL uses hardware wait based on the XRDY signal, enabling the hardware wait setting of the host 
CPU. When using the normally not ready mode, set the software wait to “1”. When using the normally 
ready mode, set the software wait to “2”. (When using the BS_MODE signal as “High” level, with the 
normally ready mode established, set the CPU software wait to three cycles.) Switch the ready mode 
using the RDY_MODE signal. 


CPU Read 


The host processor reads data from internal registers and memory of CORAL in double-word (82 bit) 
units. Valid data is output continuously while XRD and XCS are being asserted at a “Low” level after 
XRDY has been asserted. 


CPU Write 


The host CPU writes data to internal registers and memory of CORAL in byte, word(16 bit) and 
double-word( 32 bit) units. 


4.2.2 FIFO interface (fixed transfer destination address) 


This interface transfers display lists stored in host memory. Display list information is transferred 
efficiently using a single address mode DMA transfer. Data can be transferred to FIFO in relation to 
FIFO buffer area mapped in memory area using SRAM interface or dual address mode. 
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4.3. DMA Transfer 


4.3.1 Data transfer unit 


DMA transfer is performed in double-word (32 bits) units or 8 double-word (32 bytes) units. Byte and 
word access is not supported. 


Note: 8 double-word transfer is supported only in the SH4 mode. 


4.3.2 Address mode 


Dual address mode (mode using ACK) 


DMA is performed at memory-to-memory transfer between host memory and registers mapped in 
memory space or graphics memory (destination). Both the host memory address and CORAL is used. 
In the SH4 mode, the 1 double-word transfer (32 bits) and 8 double-word transfer (32 bytes) can be 
used. 


When the CPU transfer destination address is fixed, data can also be transferred to the FIFO interface. 
However, in this case, even the SH4 mode supports only the 1 double-word transfer. 


DREQ and DRACK pins and SRAM interface signals are used. In V832, the DREQ, DMAAK, and 
XTC pins and SRAM interface signals are used. 


Note: The SH3 mode supports the direct address mode; it does not support the indirect address 
mode. 
Dual address mode (mode not using ACK) 


When not using the ACK signal with the dual address mode established, set bit3 at HostBase+0004h 
(DNA: Dual address No Ack mode) to 1. 


When the ACK is not used, the DREQ signal is in the edge mode and the DREQ signal is negated per 
transfer and then reasserted it in the next cycle. If processing cannot be performed immediately 
inside CORAL, the DREQ signal remains negated. 


The transfer count register (DTC) of CORAL is not used, so in order to end DMA transfer, write “1” to 
the DMA transfer stop register (DTS) from the CPU. 


Note 1: In the dual DMA mode (mode without ACK), the destination address can be used only for the 
FIFO. 


In DMA transfer to the graphics memory, etc., use the dual DMA mode. 
Note 2: DMA read is not supported. 


Single address mode (FIFO interface) 


Data is transferred between host memory (source) and FIFO (destination). Only the address output 
from the host memory is used, and the data is transferred to the FIFO. This mode does not support 
data write to the host memory. When the FIFO is full, the DMA transfer is suspended. 


The 1 double-word transfer (32 bits) and the 8 double-word transfer (32 B) can be used. 
DREQ, DTACK, and DRACK signal are used. 
Note: The single-address mode is supported only in the SH4 mode. 
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4.3.3 Bus mode 


Coral supports the DMA transfer cycle steal mode and burst mode according to setting of external DMA 

mode. 

Cycle steal mode (In the V832 mode, the burst mode is called the single transfer mode.) 
In the cycle steal mode, the right to use the bus is obtained or released at every data transfer of 1 unit. 
The DMA transfer unit can be selected from between the 1 double-word (32 bits) and 8 double-words 
(32 B). 

Burst mode (In the V832 mode, the burst mode is called the demand transfer mode.) 


When DMA transfer is started, the right to use the bus is acquired and the transfer begins. The data 
transfer unit can be selected from between the 1 double-word (32 bits) and 8 double-words (32 B). 


Note: When performing DMA transfer in the dual-address mode, a function for automatically negating 
DREQ is provided based on the setting of the DBM register. 


4.3.4DMA transfer request 


Single-address mode 
DMA is started when the CORAL issues an external request to DMAC of the host processor. 
Set the transfer count in the transfer count register of the CORAL and then issue DREQ. 
Fix the CPU destination address to the FIFO address. 


Dual-address mode 


DMA is started by two procedures: CORAL issues an external request to DMAC of the host processor, 
or the CPU itself is started (auto request mode, etc.). In Ack use mode, set the transfer count in the 
transfer count register of CORAL and then issue DREQ. 


Note: Inthe Ack unused mode and the V832 mode requires no setting of the transfer count register. 


4.3.5 Ending DMA transfer 


e SH3/SH4 
When the CORAL transfer count register is set to 0, DMA transfer ends and DREQ is negated. 


e V832 


When the XTC signal from the CPU is low-asserted while the DMAAK signal to S CORAL is 
high-asserted, the end of DMA transfer is recognized and DREQ is negated. 


e The end of DMA transfer is detected in two ways: the DMA status register (DST) is polled, and an 
interrupt to end the drawing command (FDOO0000,) is added to the display list and the interrupt is 
detected. 


e In the dual address mode (mode not using ACK), the DMA transfer count register (DTC) is not used, so 
the DMA ending cannot be determined. The DREQ signal can be negated to end DMA by writing 1 from 
the CPU to the DMA transfer stop register (DTS) of CORAL at DMA transfer end. 
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4.4 Transfer of Local Display List 


This is the mode in which the CORAL internal bus is used to transfer the display list stored in the graphics 
memory to the FIFO interface. 


During transfer of the local display list, the host bus can be used for CPU read/write. 


How to transfer list: Store the display list in the local memory of CORAL, set the transfer source local 
address (LSA) and the transfer count (LCO), and then issue a request (LREQ). Whether or not the local 
display list is currently being transferred is checked using the local transfer status register (LSTA). 


CPU Bus Internal Bus 


Transfer Path for Local Display List 
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4.5 — Interrupt 


Coral issues interrupt requests to the host CPU. Following shows the types of interrupt factor and they 
can be enabled/disabled by IMASK (Interrupt Mask Register). 


e Vertical synchronization detect 

e Field synchronization detect 

e External synchronization error detect 
e Drawing command error 


e Drawing command execution end 


4.6 SH3 Mode 


In the SH3 mode, operation is assured under the following conditions: 


Normally not ready mode 

e BCLK (CPU bus clock) is 50 MHz or less. 
e The XWAIT setup time is 9.0 ns or less. 
Normally ready mode 


e Three cycles or more are set for the software wait. 


4.7 Wait 


Software wait 
The software wait is a wait performed on the CPU side; this wait specifies how many cycles of the 
ready signal (XRDY) sampling timing is ignored. 

Hardware wait 


The hardware wait is a wait on the CORAL side that occurs when CORAL itself cannot read/write data 
immediately. 
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4.8 Memory Map 


The following shows the memory map of CORAL to the host CPU memory space. The address is 
mapped differently in SH3, SH4 and V832. 


64 MB Space (SH3/SH4) 


Graphics 
32 MB to 256 KB memory 


area 


0000000 to 1FBFFFF 


256 KB Register area 


Graphics 
32 MB memory 
area 


1FC0000 to 1FFFFFF 


2000000 to 3FFFFFF 


Fig. 4.1 


16 MB to 256 KB 


16 MB Space (V832, SPARClite) 


Graphics 
memory 
area 


256 KB 


Memory Map 


Table 4-4 Address Space in SH3/SH4 Mode 


Register area 


Size Resource Base address (Name) 
32 MB to 256 KB 00000000 
64 KB Host interface registers 01FCO000 (HostBase) 
32 KB Display registers 01FDO000 (DisplayBase) 
32 KB Capture registers 01FD8000 (CaptureBase) 
32 KB Drawing registers 01FFO000 (DrawBase) 
32 KB Geometry engine registers 01FF8000 (GeometryBase) 
32 MB Graphics memory 02000000 

Table 4-5 Address Space in V832, SPARClite Mode 

Size Resource Base address (Name) 
16 MB to 256 KB Graphics memory 00000000 
64 KB Host interface registers OOFCO000 (HostBase) 
32 KB Display registers OOFDO000 (DisplayBase) 
32 KB Capture registers OOFD8000 (CaptureBase) 
32 KB Drawing registers OOFFO000 (DrawBase) 
32 KB Geometry engine registers OOFF8000 (GeometryBase) 
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When the SH3 or SH4 mode is used, the register area can be moved by writing 1 to bit O at HostBase + 
005Ch (RSW: Register location Switch). In the initial state, the register space is at the center 
(1FCO000) of the 64 MB space; access CORAL after about 20 bus clocks after writing 1 to RSW. 


64 MB space (SH3/SH4) 


A 


32 MB Graphics memory 0000000 to 1 FFFFFF 
area 


A 


Graphics memory 
area 


32 MB to 256 KB 2000000 to 3FBFFFF 


256 KB Li) weeeterates: 3FC0000 to 3FFFFFF 


Fig. 4.2 Memory Map 


Table 4-6 Address Mapping in SH3/SH4 Mode 


Size Resource Base address (Name) 
64 MB to 256 KB Graphics memory 00000000 
64 KB Host interface registers 03FC0000 (HostBase) 
32 KB Display registers 03FD0000 (DisplayBase) 
32 KB Capture registers 03FD8000 (CaptureBase) 
32 KB Drawing registers 03FFO000 (DrawBase) 
32 KB Geometry engine registers 03FF8000 (GeometryBase) 
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5 Graphics Memory 


5.1 Configuration 


The Coral uses local external memory (Graphics memory) for drawing and display management. 
The configuration of this Graphics memory is described as follows: 


5.1.1 Data type 


The Coral handles the following types of data. Display list can be stored in the host (main) 
memory as well. Texture/tile pattern and text pattern can be defined by a display list as well. 


Drawing Frame 

This is a rectangular image data field for 2D/3D drawing. The Coral is able to have plural 
drawing frames and display a part of these area if it is set to be bigger than display size. The 
maximum size is 4096x4096 pixel in 32 pixel units. And both indirect color ( 8 bits / pixel) and 
direct color ( 16 bits / pixel) mode are applicable. 


Display Frame 
This is a rectangle picture area for display. The Coral is able to set display layer up to 6 layers. 


Z Buffer 
Z buffer is required for eliminating hidden surfaces. In 16 bits modes, 2 bytes and in 8 bits 
mode, 1 byte are required per 1 pixel. This area has to be cleared before drawing. 


Polygon Drawing Flag Buffer 
This area is used for polygon drawing. It is required 1 bit memory area per 1 pixel and 1 x-axis 
line area both backward and forward of it. This area has to be cleared before drawing. 


Frame buffer, Z buffer, 
Displaylist and etc 


By XRES size 


Base Address of Polygon 
Drawing Buffer(PFBR) 


Polygon drawing flag area 
=> (Y resolution + 2) * X resolution 


By drawing frame sizy 


By XRES size 
Frame buffer, Z buffer, 
Displaylist and etc 
Displaylist Buffer 


The displaylist is a list of drawing commands and parameters. 


Texture Pattern 
This pattern is used for texture mapping. The maximum size is up to 4096 x 4096 pixels. 


Cursor Pattern 
This is used for hardware cursor. The data format is indirect color ( 8 bits / pixel) mode. And 
the Coral is able to display two cursor of 64 x 64 pixel size. 


M B86294/ 294S CORAL_LB 
Graphics Controller 52 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


5.1.2 Memory Mapping 


A graphics memory is mapped linearly to host CPU address field. Each of these above data is 
able to be allocated anywhere in the Graphics memory according to the respective register 
setting. ( However there is some restrictions of an addressing boundary depending on a data 


type.) 


5.1.3 Data Format 


Direct Color ( 16 bits / pixel ) 


This data format is described RGB as each 5 bit. Bit15 is used for alpha bit of layer blending. 


4 3 2 1 0 
A R B 
Indirect Color ( 8 bits / pixel ) 
This data format is a color index code for looking up table (palette). 
7 6 5 4 3 2 1 0 
Color Code 
Z Value 
It is possible to use Z value as 8 bits or 16 bits. These data format are unsigned integer. 
1) 16 bits mode 
15 14-13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Unsigned Integer 
2 ) 8 bits mode 
7 6 5 4 3 2 1 0 
Unsigned Integer 
Polygon Drawing Flag 
This data format is 1 bit per 1 pixel. 
15 14-13 12 11 10 9 8 7 6 5 4 3 2 1 0 
P15 ) P14 | P13 | P12 | P11 | P10} P9 P8 P7 P6 P5 P4 P3 P2 P1 PO 
31 30 29 28 27 26 25 24 23 22° 21 20 19 18 #17 ~~ #16 
P31 | P30 | P29 | P28 | P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 
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Texture / Tile Pattern 
It is possible to use a pattern as direct color mode ( 16 bits / pixel) or indirect color mode ( 8 
bits / pixel). 


1 ) Direct color mode ( 16 bits / pixel) 
This data format is described RGB as each 5 bit. Bit15 is used for alpha bit of stencil or stencil 
blending. ( Only texture mapping) 

15 1418 12 11 10 9 8 7 6 5 4 3 2 1 0 


A R G B 


2) Indirect color mode ( 8 bits / pixel) 
This data format is a color index code for looking up table (palette). 
7 6 5 4 3 2 1 0 


Color Code 


Cursor Pattern 
This data format is a color index code for looking up table (palette). 
7 6 5 4 3 2 1 ) 


Color Code 


Video Capture data 
This data format is Y:Cb:Cr=4:2:2 and 32 bits per 2 pixel. 


Direct Color ( 32 bits / pixel ) 

This data format is described RGB as each 8 bit. Bit31 is used for alpha bit of layer blending. 
But the Coral does not support this color mode drawing. Therefore please draw this layer by 
CPU writing. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
G B 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

A Reserved R 
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5.2 


Frame Management 


5.2.1 Single Buffer 


The entire or partial area of the drawing frame is assigned as a display frame. The display 
field is scrolled by relocating the position of the display frame. When the display frame 
crosses the border of the drawing frame, the other side of the drawing frame is displayed, 
assuming that the drawing frame is rolled over (top and left edges assumed logically 
connected to bottom and right edges, respectively). To avoid the affect of drawing on display, 
the drawing data can be transferred to the Graphics Memory in the blanking time period. 


5.2.2 Double Buffer 


Two drawing frames are set. While one frame is displayed, drawing is done at the other 
frame. Flicker-less animation can be performed by flipping these two frames back and forth. 
Flipping is done in the blanking time period. There are two flipping modes: automatically at 
every scan frame period, and by user control. The double buffer is assigned independently 
for the L2, L3, L4, L5 layers. 


5.3 


Memory Access 


5.3.1 Memory Access by host CPU 


Graphics memory is mapped linearly to host CPU address field. The host CPU can access the 
Graphics memory like a SRAM. 


5.3.2 Priority of memory accessing 


The priority of Graphics memory accessing is the follows: 


Refresh 

Video Capture 
Display processing 
Host CPU accessing 
Drawing accessing 


oRoON > 
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5.4 Connection with memory | 


5.4.1 Connection with memory 


The memory controller of Coral supports simple connection with SD/FCRAM by setting 
MMR(Memory Mode Register). 

If there is N(=11 to 13) address pins in SD/FCRAM, please connect the SD/FCRAM 
address(A[n]) pin to the Coral’s memory address(MA[n]) pin and SD/FCRAM bank pin to the 
Coral’s next address(MA|N]) pin. Then please set MMR by a number and type of memory. 


The follows are the connection table between Coral pin and SD/FCRAM pin. 


64M bit SDRAM(x16 bit) 64M bit SDRAM(x32 bit) 
Coral pins SDRAM pins Coral pins SDRAM pins 
MA[11:0] A[11:0] MA[10:0] A[10:0] 
MA12 BAO MA11 BAO 
MA13 BA1 MA12 BA1 
128M bit SDRAM(x16 bit) 128M bit SDRAM(x32 bit) 
Coral pins SDRAM pins Coral pins SDRAM pins 
MA[11:0] A[11:0] MA[11:0] A[11:0] 
MA12 BAO MA12 BAO 
MA13 BA1 MA13 BA1 
256M bit SDRAM(x16 bit) 16M bit FCRAM(x16 bit) 
Coral pins SDRAM pins Coral pins FCRAM pins 
MA[12:0] A[12:0] MA[10:0] A[10:0] 
MA13 BAO MA11 BA 
MA14 BA1 
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6 DISPLAY CONTROLLER 


6.1 Overview 


Display control 
Window display can be performed for six layers. Window scrolling, etc., can also be performed. 


Backward compatibility 


Backward compatibility with previous products is supported in the four-layer display mode or in the 
left/right split display mode. 


Video timing generator 


The video display timing is generated according to the display resolution (from 320 x 240 to 1024 x 
768). 


Color look-up 
There are two sets of color look-up tables by palette RAM for the indirect color mode (8 bits/pixel). 


Cursor 
Two sets of hardware cursor patterns (8 bits/pixel, 64 x 64 pixels each) can be used. 


6.2 Display Function | 


6.2.1 Layer configuration 


Six-layer window display is performed. Layer overlay sequence can be set in any order. A four-layer 
display mode and left/right split display mode are also provided, supporting backward compatibility with 
previous products. 


LO (Lowx,Lowy, L4 ; L2 H 
( ) (L4wx,L4wy) (L2WXx,L2WY) LO,L2,L4 (00) L1 (wxwy) L3,L5 (HDB+1,0) 
L5 (L5wx,L5wy) L1 (Liwx,Liwy) 
L3 (L8WX,L3WY) ene color 
(a) Six layerd window display (b) Four layered display for downward compatibility 
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The correspondence between the display layers for this product and for previous products is shown 


Configuration of Display Layers 


below. 
Layer Coordinates of starting pelnt Width/height 
correspondence | window mode sect Window mode Compatibility mode 

LO Cc (LOWX, LOWY) | (0, 0) (LOWW, LOWH +1) | (HDP + 1, VDP + 1) 

L1 WwW (L1WX, L1WY) | (WX, WY) (LIWW, L1WH + 1) | (WW, WH + 1) 

L2 ML | (L2WX, L2WY) | (0, 0) (L2WW, L2WH +1) | (HDB +1, VDP + 1) 

L3 MR | (L3WX, L8WY) | (HDB, 0) (LWW, L3WH + 1) | (HDP — HDB, VDP + 1) 

L4 BL (L4WX, L4WY) | (0, 0) (L4WW, L4WH + 1) | (HDB +1, VDP + 1) 

L5 BR (L5WX, L5WY) | (HDB, 0) (LS5WW, L5WH + 1) | (HDP — HDB, VDP + 1) 
C, W, ML, MR, BL, and BR above mean layers for previous products. The window mode or the 


compatibility mode can be selected for each layer. 


It is possible to use new functions through minor 


program changes by allowing the coexistence of display modes instead of separating them completely. 


However, if high resolutions are displayed, the count of layers that can be displayed simultaneously and 


pixel data may be restricted according to the graphics memory ability to supply data. 
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6.2.2 Overlay 


(1) Overview 
Image data for the six layers (LO to L5) is processed as shown below. 


L1(W) data 
L2(ML) data 


( 
L3(MR) data 
( 
( 


Pallet-1 — 


YUV/RGB LI 


L4(BL) data 
L5(BR) data 


Layer Selector 


L2 data 


L3 data 


L4 data 
L5 data 


The fundamental flow is: Palette - Layer selection — Blending. The palettes convert 8-bit color 
codes to the RGB format. The layer selector exchanges the layer overlay sequence arbitrarily. The 
blender performs blending using the blend coefficient defined for each layer or overlays in accordance 
with the transparent-color definition. 


The LO layer corresponds to the C layer for previous products and shares the palettes with the cursor. 
As a result, the LO layer and cursor are overlaid before blend operation. 


The L1 layer corresponds to the W layer for previous products. To implement backward compatibility 
with previous products, the L1 layer and lower layers are overlaid before blend operation. 


The L2 to L5 layers have two paths; in one path, these layers are input to the blender separately and in 
the other, these layers and the L1 layer are overlaid and then are input to the blender. When 
performing processing using the extended mode, select the former; when performing the same 
processing as previous products, select the latter. It is possible to specify which one to select for 
each layer. 
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(2) Overlay mode 
Image layer overlay is performed in two modes: simple priority mode, and blend mode. 


In the simple priority mode, processing is performed according to the transparent color defined for each 
layer. When the color is a transparent color, the value of the lower layer is used as the image value 
for the next stage; when the color is not a transparent color, the value of the layer is used as the image 
value for the next stage. 


Dyiew = Drew (when Drew does not match transparent color) 
= Diower (When Drew Matches transparent color) 


When the L1 layer is in the YCbCr mode, transparent color checking is not performed for the L1 layer; 
processing is always performed assuming that transparent color is not used. 


In the blend mode, the blend ratio “r’ defined for each layer is specified using 8-bit tolerance, and the 
following operation is performed: 


Dyiew = Drew"? + Diower(1 — 1) 


Blending is enabled for each layer by mode setting and a specific bit of the pixel is set to “1”. For 8 
bits/pixel, the MSB of RAM data enables blending; for 16 bits/pixel, the MSB of data of the relevant 
layer enables blending; for 24 bits/pixel, the MSB of the word enables blending. 


(3) Blend coefficient layer 


In the normal blend mode, the blend coefficient is fixed for each layer. However, in the blend 
coefficient layer mode, the L5 layer can be used as the blend coefficient layer. In this mode, the blend 
coefficient can be specified for each pixel, providing gradation, for example. When using this mode, 
set the L5 layer(L5M and L5EM register) to 8 bits/pixel, window display mode and extend overlay 
mode. 
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6.2.3 Display parameters 


The display area is defined according to the following parameters. Each parameter is set independently 
at the respective register. 


VTR 


Fig. 5.1 Display Parameters 


Note: The actual parameter settings are little different from the above. The details, please refer “11.3.1 


Interlaced mode”. 


HTP Horizontal Total Pixels 

HSP Horizontal Synchronize pulse Position 
HSW Horizontal Synchronize pulse Width 
HDP Horizontal Display Period 

HDB Horizontal Display Boundary 

VTR Vertical Total Raster 

VSP Vertical Synchronize pulse Position 
VSW Vertical Synchronize pulse Width 
VDP Vertical Display Period 

LnWX Layer n Window position X 

LnWY Layer n Window position Y 

LnwWw Layer n Window Width 

LnWH Layer n Window Height 


When not splitting the window, set HDP to HDB and display only the left side of the window. The settings 
must meet the following relationship: 
0 < HDB < HDP < HSP < HSP + HSW + 1 < HTP 


0 < VDP < VSP < VSP + VSW+1<VTR 


M B86294/ 294S CORAL_LB 
Graphics Controller 61 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


6.2.4 Display position control 

The graphic image data to be displayed is located in the logical 2D coordinates space (logical graphics 
space) in the Graphics Memory. There are six logical graphics spaces as follows: 

e LO layer 

e L1 layer 

e L2 layer 

e L3 layer 

e L4 layer 

e L5 layer 


The relation between the logical graphics space and display position is defined as follows: 


Origin Address (OA) Display Address (DA) 
Display Position X,Y (DX,DY) 


\— Stride (W) 4 


Logical Frame 


7 Display Frame 
= 
> 
®o 
x 
Fig. 5.2 Display Position Parameters 
OA Origin Address Origin address of logical graphics space. Memory address of top left 
edge pixel in logical frame origin 
W Stride Width of logical graphics space. Defined in 64-byte unit 
H Height Height of logical graphics space. Total raster (pixel) count of field 
DA Display Address Display origin address. Top left position address of display frame 
origin 
DX Display Position Display origin coordinates. 
DY Coordinates in logical frame space of display frame origin 
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Coral scans the logical graphics space as if the entire space is rolled over in both the horizontal and 
vertical directions. Using this function, if the display frame crosses the border of the logical graphics 
space, the part outside the border is covered with the other side of the logical graphics space, which is 
assumed to be connected cyclically as shown below: 


Logical Frame Origin 


k 64 w >| 


" 


Additionally origin 


drawn area New display origin 


Fig. 5.3 Wrap Around of Display Frame 


The expression of the X and Y coordinates in the frame and their corresponding linear addresses (in 
bytes) is shown below. 


A(x,y) = xx bpp/8 + 64wy (bpp = 8 or 16) 


The origin of the displayed coordinates has to be within the frame. To be more specific, the parameters 
are subject to the following constraints: 


0 < DX < wx 64 x 8/bpp (bpp = 8 or 16) 
0<DY<H 


DX, DY, and DA have to indicate the same point within the frame. In short, the following relationship 
must be satisfied. 


DA = OA + DX « bpp/8 + 64w x DY (bpp = 8 or 16) 
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6.3. Display Color 
Color data is displayed in the following modes: 


Indirect color (8 bits/pixel) 


In this mode, the index of the palette RAM is displayed. Data is converted to image data consisting of 
6 bits for R, G, and B via the palette RAM and is then displayed. 


Direct color (16 bits/pixel) 
Each level of R, G, and B is represented using 5 bits. 
Direct color (24 bits/pixel) 


Each level of R, G, and B is represented using 8 bits. 


YCbCr color (16 bits/pixel) 


In this mode, image data is displayed with YCbCr = 4:2:2. Data is converted to image data consisting 
of 8 bits for R, G, and B using the operation circuit and is then displayed. 


The display colors for each layer are shown below. 


Layer Compatibility mode Extended mode 


LO Direct color (16, 24), Indirect color (PO Direct color (16, 24), Indirect color (PO 


L1 Direct color (16, 24), Indirect color (P1), YCoCr | Direct color (16, 24), Indirect color 


L2 Direct color (16, 24 Direct color (16, 24), Indirect color (P2 


pas. eee. |e. | Ses 


) 

P1), YCbCr 
) 
) 


P3 


L4 Direct color (16, 24 Direct color (16, 24 


( 
( 
( 
( 
( 
( 


( 
), ( 
), Indirect color (P14 
L3 Direct color (16, 24), Indirect color (P14 
), ( 
), ( 


( 
( 
( 
( 
( 
( 


), 
), 
Direct color (16, 24), Indirect color 
) 
) 


L5 Direct color (16, 24 Direct color (16, 24 


“Pn” stands for the corresponding palette RAM. Four palettes are used as follows: 


Palette 0 (PO) 


This palette corresponds to the C-layer palette for previous products. This palette is used for the LO 
layer. This palette can also be used for the cursor. 


Palette 1 (P1) 


This palette corresponds to the M/B layer palette for previous products. In the compatibility mode, this 
palette is common to layers L1 to 5. In the extended mode, this palette is dedicated to the L1 layer. 


Palette 2 (P2) 
This palette is dedicated to the L2 layer. This palette can be used only for the extended mode. 


Palette 3 (P3) 
This palette is dedicated to the L2 layer. This palette can be used only for the extended mode. 
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6.4 Cursor | 


6.4.1 Cursor display function 


CORAL can display two hardware cursors. Each cursor is specified as 64 x 64 pixels, and the cursor 
pattern is set in the Graphics Memory. The indirect color mode (8 bits/pixel) is used and the LO layer 
palette is used. However, transparent color control (handling of transparent color code and code 0) is 
independent of LO layer. Blending with lower layer is not performed. 


6.4.2 Cursor control 


The display priority for hardware cursors is programmable. The cursor can be displayed either on upper 
or lower the LO layer using this feature. A separate setting can be made for each hardware cursor. If 
part of a hardware cursor crosses the display frame border, the part outside the border is not shown. 


Usually, cursor O is preferred to cursor 1. However, with cursor 1 displayed upper the LO layer and 
cursor 0 displayed lower the LO layer, the cursor 1 display is preferred to the cursor 0. 
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6.5 


Display Scan Control 


6.5.1 Applicable display 


supplied to the DCLKI input pin. 
PLL is the display reference clock: 


Table 4-1 


The following table shows typical display resolutions and their synchronous signal frequencies. 
clock frequency is determined by setting the division rate of the display reference clock. The display 
reference clock is either the internal PLL (400.9 MHz at input frequency of 14.318 MHz), or the clock 
The following table gives the clock division rate used when the internal 


Resolution and Display Frequency 


Division rate ' Horizontal : Vertical F 
Resolution | of eh as Pol cy be sbhapill pager aria Bibel ed 
320 x 240 1/60 6.7 MHz 424 15.76 kHz 263 59.9 Hz 
400 x 240 1/48 8.4 MHz 530 15.76 kHz 263 59.9 Hz 
480 x 240 1/40 10.0 MHz 636 15.76 kHz 263 59.9 Hz 
640 x 480 1/16 25.1 MHz 800 31.5 KHz 525 59.7 Hz 
854 x 480 1/12 33.4 MHz 1062 31.3 KHz 525 59.9 Hz 
800 x 600 1/10 40.1 MHz 1056 38.0 kHz 633 60.0 Hz 
1024 x 768 1/6 66.8 MHz 1389 48.1 kHz 806 59.9 Hz 


Pixel frequency = 14.318 MHz x 28 x reference clock division rate (when internal PLL selected) 


Horizontal frequency = Pixel frequency/Horizontal total pixel count 


Vertical frequency = Horizontal frequency/Vertical total raster count 
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6.5.2Interlace display 


CORAL can perform both a non-interlace display and an interlace display. 


When the DCM register synchronization mode is set to interlace video (11), images in memory are output 
in odd and even rasters alternately to each field, and one frame (odd + even fields) forms one screen. 


When the DCM register synchronization mode is set to interlace (10), images in memory are output in 
raster order. The same image data is output to odd fields and even fields. Consequently, the count of 
rasters on the screen is half of that of interlace video. However, unlike the non-interlace mode, there is a 
distinction between odd and even fields depending on the phase relationship between the horizontal and 
vertical synchronous signals. 


Non-Interlace Interlace Video Interlace 


Fig. 5.4 Display Difference between Synchronization Modes 
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6.6 Theexternal synchronous signal 


The display scan can be performed by synchronizing horizontal/vertical synchronous signal from the 
external. 

In selecting the external synchronization mode, Coral is sampling the HSYNC signal and displays 
the synchronizing the external video signal. Either the internal PLL clock or the DCLKI input 
signal could be selected for the sampling clock. Also, the superimposed analog output is performed 
by the chroma key process. The following diagram shows an example of the external 
synchronization circuit. 


External Syne [| csv | 


Enable HSYNC 
Display Timming 
Generator 


Hsync In 
Vsync In Digital 
RGB 
Out 


3 states 
buffer 


Hsync Out 


Vsync Out 


Latency compensation for DAC 


Analog ———— 
RGB In 


Video SW 
(Pedestal Clump Input) 


Superimposed 
Analog 
RGB Out 


An example of the external synchronization circuit 


The external synchronization mode is performed by setting the ESY bit of the DCM register. In 
setting the external synchronization mode, HSYNC, VSYNC, and EO pin of Coral is changed to the 
input mode. After that it needs to be provided the synchronous signal by using the 3 state buffer from 
the external. When turning off the external synchronization mode, Coral internal ESY bit needs to be 
switched OFF after disconnecting the synchronous input signal from the external. 

The buffer of the external synchronization signal must not be switched ON when the synchronous 
output signal of Coral is ON. Follow the previous instruction to prevent simultaneous ON from 
occurring. 


In using the external synchronous signal with the display clock based on the internal PLL, Coral 
extends the clock period and fits the clock phase with the horizontal synchronous signal phase after 
inputting the horizontal synchronous pulse. The following caution is necessary. In case of 
connecting the high speed transmit signal, such as LVDS, with the digital RGB output, PLL with a 
built-in the high speed serial transmission is temporally unstable due to this connection. Therefore, 
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the external synchronous signal based on the internal PLL must not be used with high speed 
synchronous transmit signal. 


The synchronization of the horizontal direction is controlled by the following state diagram. 


otherw ise otherw ise 


The horizontal resolution counter 
= HDP 


The horizontal resolution 
= HSP 


counter 


detecting the external horizontal 
synchronous signal or 

the horizontal synchronous pulse 
counter = HSW 


The horizontal resolution 
HTP 


counter 


otherw ise otherw ise 
When the horizontal resolution counter The horizontal resolution counter is 
matches the HTP, itis initialized. is halted, starts to count the horizontal 


synchronous pulse counter. 


The finite state diagram is controlled by the horizontal resolution counter. The period of outputting 
the signal is assigned the Disp state. When the value of the horizontal resolution counter matches 
that of the HDP register, it ends to output the signal and the current state is transmitted from Disp 
state to Fporch state (front porch). In the Fporch state, when the value of the vertical resolution 
register matches that of the HSP register, the current state is transmitted to the Sync state. In this 
state, it waits for the horizontal synchronous signal from the external. Coral detects the negative 
edge of the horizontal synchronous pulse from the external and synchronizes it. In detecting the 
horizontal synchronous signal from the external, the current state is transmitted to the Bporch state 
(back porch). The horizontal resolution register does not count in the Sync state, instead the 
horizontal synchronous counter is incremented from zero. When the value of this counter matches 
the setting value of the HSW register, the current state is transmitted to the Bporch state without 
detecting the horizontal synchronous signal form the external. When the value of the horizontal 
resolution counter matches that of the HTP register in the Bporch state, the horizontal resolution 
counter is reset, and also the current state is transmitted to the Disp state and it begins to display the 
next cluster. 
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The synchronization of vertical direction is controlled by the following state diagram. 


otherw ise otherw ise 


The cluster counter = VDP 


detecting the external 
vertical synchronous 
pulse to be asserted 


detecting the negative edge 
of the external vertical 
synchronous pulse 


The cluster counter 


otherw ise otherw ise 
When the cluster counter matches the 
VTP, itis initialized. 


The state diagram of the vertical direction is controlled by the value of the cluster counter. The period of 
outputting the signal is assigned the Disp state. When the value of the cluster counter matches the value 
of the VDP register, it ends to output the signal and the current state is transmitted from the Disp state to 
the Fporch state. In the Fporch state, it waits the external synchronous pulse to be asserted. In 
detecting the external synchronous pulse to be asserted, the current state is transmitted to the Sync state. 
In the Sync state, it waits for the negative edge of the external synchronous signal. In detecting the 
negative edge, the current state is transmitted to the Bporch state. When the value of the cluster counter 
matches the values of the VTR register, the cluster counter is reset, and also the current state is 
transmitted to the Disp state and it starts to display the next field. 
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6.7. Video!lnterface, NTSC/PAL Output | 


In outputting NTSC/PAL signal, NTSC/PAL encoder must be connected externally as shown below: 


CORAL NTSC Encoder 


VIDEO-OUT 


CSYNC-IN 


Fsc-IN 


14.318 MHz 


Fig. 5.4 Example of NTSC Encoder Connection 


Note) The neither CSYNC and VSYNC pins are impossible to output the 2.5H width signal. 


MB86294/ 294S CORAL_LB 
Graphics Controller 71 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


7 Video Capture 


7.1 Format 


7.1.1 Input Data Format 


Input a digital video stream in the ITU RBT-656 format. NTSC and PAL signals (horizontal pixel =720) are 
both supported. 


7.1.2 Video Signal Capture 


When the VIE bit of the video capture mode register (VCM) is 1, Coral is enabled to capture video stream 
data from the 8-bit VI pin in synchronization with the CCLK clock. Only a digital video stream conforming 
to ITU-RBT656 can be processed. For this reason, a Y,Cb,Cr 4:2:2 format to which timing reference 
codes are added is used. The video stream is captured according to the timing reference codes; Coral 
automatically supports both NTSC and PAL. However, to detect error codes, set NTSC/PAL in the VS bit 
of VCM. If NTSC is not set, reference the number of data in the capture data count register (CDCN). If 
PAL is not set, reference the number of data in the capture data counter register (CDCP). If the 
reference data does not match the stream data, bit 4 to bit 0 of the video capture status register (VCS) will 
be values other than 0000. 


7.1.3 Non-interlace Transformation 


Captured video graphics can be displayed in non-interlaced format. Two modes (BOB and WEAVE) can 
be selected at non-interlace transformation. 


- BOB Mode 


In odd fields, the even-field rasters generated by average interpolation are added to produce one frame. 
In even fields, the odd-field rasters generated by average interpolation are added to produce one frame. 


The BOB mode is selected by enabling vertical interpolation with the VI bit of the video capture mode 
register (VCM) and setting the L1IM bit of the L1-layer mode register (L1M) to 0. 


- WEAVE Mode 


Odd and even fields are merged in the video capture buffer to produce one frame. Vertical resolutions in 
the WEAVE mode are higher than those in the BOB mode but raster dislocation appears at moving 
places. 


The WEAVE mode is selected by disabling vertical interpolation with the VI bit of VCM and setting the 
L1IM bit of L1-layer mode register(L1M) to 1. 
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7.2 Video Buffer | 


7.2.1 Data Format 


Captured graphics are stored in memory in the 16-bit/pixel YcbCr format. Video data is transformed to 
the RGB format when it is displayed in the L1-layer. 


31 24 23 16 15 8/7 0 
7 6 5 4 3 2 1 0 

YO,Y1 ¥¥_| YG | YS | Y¥4 | YS°| ¥2 | YI.) ¥O 

Cr,Cb C7 | C6 | C5 | C4 |} C3 | C2 | C1 | CO 


7.2.2 Synchronous Control 


Video graphics data is written to scan-independent memory for display. Memory for video capture is 
controlled by the ring buffer method. When graphics data for one frame is ready in memory, the frame is 
displayed. 


If the video capture frame rate is different from the display frame rate, a frame is omitted or the same 
frame is displayed continuously. 


7.2.3 Area Allocation 


Allocate an area of about 2.2 frames to the video capture buffer. The size of this area is equivalent to the 
size that considers the margin equivalent to the double buffer of the frame. Set the starting address and 
upper-limit address of the area in the CBOA/CBLA registers. Here, specify the raster start position as the 
upper-limit address. 


To allocate n rasters as the video capture buffer, set the upper-limit value as follows: 
CBLA = CBOA + 64n X CBS 


If CBLA does not match the head of a raster, video capture data is written beyond the upper limit by only 1 
raster (max.). Note that if other meaningful data is held in the area, the user-intended operation is 
hindered by overwriting. 


For reduced display, allocate the buffer area of the reduced frame size. 
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7.2.4 Window Display 


The L1 layer is used to display the captured video graphics. A part or the whole of the captured 
graphics can be displayed as the full screen or as a window. 


To capture and display video graphics, set the L1 layer to the capture synchronous mode (L1CS = 1). 
In the capture synchronous mode, the L1 layer displays the latest frame in the video capture buffer. 
The display addresses used in the normal mode are ignored. 


The stride of the L1 layer must match that of the video capture buffer. If they do not match, the 
displayed graphics have oblique distortion. 


Match the display size of the L1 layer with the reducted graphics size of the video capture. Setting the 
display size of the L1 layer larger than the capture image size causes display of invalid data. 


The L1 layer supports selection of the RGB display format and YcbCr display format. To capture video 
graphics, select the YcbCr display format (WYC = 1). 


7.2.5 Interlace Display 


The graphics captured in the video capture buffer in the WEAVE mode can be displayed in interlace. 
Interlace display setting is the same as WEAVE mode setting. Select ‘Interlace & video display’ for 
display scan. 


Flicker appears in moving video graphics. To prevent flicker, set the OO (Odd Only) bit of the capture 
buffer mode register (CBM) to “1”. 
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7.3 Scaling 


7.3.1 Video Reduction Function 


When the CM bits of the video capture mode register (VCM) are 11, Coral reduces the video screen size. 
The reduction can be set independently in the vertical and horizontal scales. The reduction is set per line 
in the vertical direction and in 2-pixel units in the horizontal direction. The scale setting value is defined 
by an input/output value. It is a 16-bit fixed fraction where the integer is represented by 5 bits and the 
fraction is represented by 11 bits. Valid setting values are from O800H to FFFFxH. Set the vertical 
direction at bit 31 to bit 16 of the capture scale register (CSC) and the horizontal direction at bits 15 to bit 
00. The initial value for this register is O8000800x (once). An example of the expressions for setting a 
reduction in the vertical and horizontal directions is shown below. 


Reduction in vertical direction 576 — 490 lines 576/490 = 1.176 
1.176x2048=2408 — 09681 

Reduction in horizontal direction 720 > 648 pixels 720/648 = 1.111 
1.111x2048=2275 — 08E3n 


Therefore, O96808E3x is set in CSC. 


The capture horizontal pixel register (CHP) and capture vertical pixel register (CVP) are used to limit the 
number of pixels processed during scaling. They are not used to set scaling values. Clamp processing 
is performed on the video streaming data outside the values set in CHP and CVP. Usually, the defaults 
for these registers are used. 


7.3.2 Vertical Interpolation 


When the VI bit of the video capture mode register (VCM) is “0”, data in the same field is used to 
interpolate the interlace screen vertically. The interlace screen is doubled in the vertical direction. 
When the VI bit is “1”, the interlace screen is not interpolated vertically. 


7.4. Error Handling 


7.4.1 Error Detection Function 


If an expected control code is not detected in the input video stream, an error occurs. If an error occurs, 
the status is returned to the register. 
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8 GEOMETRY ENGINE 


8.1 Geometry Pipeline 


8.1.1 Processing flow 


The flow of geometry is shown below. 


Object coordinates (OC) 


MVP Transformation 


Clip coordinates (CC) 


Clipping 


Back face culling 


3D-2D Transformation 


Normalized device coordinates (NDC) 


View port transformation 


Drawing (device) coordinates (DC) 


Calculation is done by “32bit integer”,’32bit fixed-point-integer” or “32bit floating-point”. There is a 
limitation by itself. And algorithm also has limitation. Not all possible parameter or data can proceed 
correctly. 
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8.1.2 Model-view-projection (MVP) transformation (OC-—>CC coordinate 
transformation) 


The geometry engine transforms the vertex of the “OC” coordinate system specified by the G_Vertex 
packet to the “CC” coordinate system according to the coordinate transformation matrix (OC — CC Matrix) 
specified by the G_LoadMatrix packet. The “OC — CC Matrix” is a “4 x 4” matrix consisting of a 
ModelView matrix and a Projection matrix. 


If “Zoc” is not contained in the input parameter of the G_Vertex packet (Z-bit of GMDRO is off), (OC + CC) 
coordinate transformation is processed as “Zoc = 0”. 


When GMDRO[0] is 0 (orthogonal projection transformation), OC — CC coordinate transformation is 
processed as “Wcc = 1.0”. (Work only for C=0,Z=0 and ST=0 (XY only vertex) mode) 


OC: Object Coordinates 
CC: Clip Coordinates 


Xcc MaOQ Mai Ma2 Ma3 Xoc 

Yec| MbO Mb1 Mb2 Mb3 Yoc 

Zcc McO Mc1 Mc2 Mc3 Zoc 
cc MdOQ Mdi Md2 Md3 1 


Ma0 to Md3: OC —> CC Matrix 
Xoc to Zoc: X, Y, and Z of OC coordinate system 
Xcc to Woc: X, Y, Z, and W of CC coordinate system 


8.1.33D-2D transformation (CC->NDC coordinate transformation) 


The geometry engine divides “XYZ” of the “CC” coordinate system by “Wcc” (Perspective Division). 


NDC: Normalized Device Coordinates 


Xndc Xcc 
Zndc Zcc 


Xndc to Zndc: X, Y, and Z of “NDC” coordinate system 
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8.1.4 View port transformation (NDC->DC coordinate transformation) 


The geometry engine transforms “XYZ” of the “NDC” coordinate system to the “DC” coordinate system 
according to the transformation coefficient specified by G_ViewPort and G_DepthRange. 


“X_Scaling,X_Offset” and “Y_Scaling,Y_ Offset” are coefficients to be mapped finally to Frame Buffer. 
Xdc and Ydc must be included within the drawing input range (-4096 to 4095). “Z_ Scaling” and 
“Z_Offset” are coefficients to be mapped finally to “Z Buffer’. “Zdc” must be included within the “Z Buffer” 
range (0 to 65535). 


DC: Device Coordinates 


Xdc = X_Scaling*Xndc + X_Offset 
Ydc = Y_Scaling*Yndc + Y_Offset 
Zdc = Z_Scaling*Zndc + Z_Offset 


8.1.5 View volume clipping 


Expression for determination 


The expression for determining the CORAL view volume clipping is shown below. W clipping is 
intended to prevent the overflow caused by 1/W. 


Xmin*Wcc < Xcc < Xmax*Wcc 
Ymin*Wcc < Ycc < Ymax*Wcc 
Zmin*Wcc < Zcc < Zmax*Wcc 
Wmin < Wcc 
Note: Xmin, Xmax, Ymin, Ymax, Zmin, Zmax, and Wmin are the clip boundary values set by the 
G_ViewVolumeXYClip/ZClip/WClip packet. 
Clipping-on/-off 


View volume clipping-on/-off can be switched by using the clip boundary values set by the 
G_ViewVolumeXYClip/Zclip/WClip packet. To switch view volume clipping to off, set the maximum 
and minimum values of the geometry data format (IEEE single-precision floating point(*1)) in the 
“Clip.max” value(*2) and “Clip.min” value(*3), respectively. In this case, ‘All coordinate transformation 
results’ can be evaluated as within view volume range, making it possible to obtain the effect of view 
volume clipping-off. 


This method is valid only when W clipping does not occur. When a clip boundary value (Wmin) that 
causes W clipping to occur is set, clipping is also performed for each clip area. Consequently, set an 
appropriate clip boundary value for Clip. Max value. and Clip. Min value., respectively. 


If other values are set in “Clip.max” and Clip.min, view volume clipping-on operates. The coordinate 
transformation result is always compared with the values set in “Clip.max” and “Clip.min’”. 


*1{:; Maximum value = 0x7f7fffff, minimum value = Oxff7fffff 
*2: Xmin,Ymin, Zmin, Wmin 
*3: Xmax, Ymax, Zmax 
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An example of the G_ViewVolumeZclip packet is shown below. 

0xf1012010 //Setting of GUDRO 
0x00000000 //Data format: Floating point data format 
0x45000000 //G_ViewVolumeZclip packet 
Oxff7fffff_ //Zmin.float setting value (minimum value of IEEE single-precision floating point) 
Ox7f7fffff //Zmax.float setting value (maximum value of IEEE single-precision floating point) 


Example of G_ViewVolumeZclip Packet when Z Clipping Off 


“W” clipping at orthogonal projection transformation 


“W” at orthogonal projection transformation (GMDRO[0] = 0) is treated as “Wcc=1.0”. (Work only for 
C=0,Z=0 and ST=0 (XY only vertex) mode) For this reason, to suppress “W” clipping, the set “Wmin” 
value must be larger than 0 and 1.0 or less. 


Relationship with drawing clip frame 


For the following reasons, the clip boundary values of the view volume should be set so that the values 
after DC coordinate transformation will be larger than the drawing clip frame (2 pixels or more). 


(1) “XY” on the view volume clip frame of the “CC” coordinate system may be drawn one pixel outside 
or inside the frame due to an operation error when it is finally mapped to the “DC” coordinate 
system. 


(2) When the end point of a line overlaps the view volume frame mapped to the “DC” coordinate 
system, there are two cases, where the dots on the frame are drawn, and not drawn depending on 
the specifying of the line drawing attribute (end point drawing/non-drawing). 


(3) When the start point of a line overlaps the view volume frame mapped to the “DC” coordinate 
system, the dots on the frame are always drawn. When the line drawing attribute is ‘end point 
non-drawing,’ the dots on the frame are drawn at the starting point, but they may not be drawn at 
the end point. 


(4) When applying to triangle and polygon drawing the rasterizing rule ‘dots containing center of pixel 
drawn. Dots on right side and base of triangle not drawn.’ depending on the value of the fraction, 
a gap may be produced between the right side and base of the frame. 


“DC” Coordinates image of view volume clip frame 
Drawing area 


Drawing clip frame 


<= 
A space of two pixels or more is required. 
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8.1.6 Back face curling 


In CORAL, a triangle direction can be defined and a mode in which drawing for the back face is inhibited 
(back face carling) is supported. The on/off operation is controlled by the GMDR2[0] setting. GMDR2[0] 
must be set to 1 only when back face carling is required. When back face carling is not required such as 
in ‘line,’ ‘point,’ and ‘polygon primitive,’ GMDR2[0] must be set to 0. 
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8.2 Data Format 


8.2.1 Data format 


The supported data formats are 32-bit single-precision floating-point format, 32-bit fixed-point format, 
integer packed format, and RGB packed format. All internal processing is performed in the floating-point 
format. For this reason, the integer packed format, fixed-point format, and RGB packed format must be 
converted to the floating-point format. The processing speeds in these formats are slightly lower than in 
the 32-bit single-precision floating-point format. 


The data format to use is selected by setting the GMDRO register. 


(1) 32-bit single-precision floating-point format 
31 30 23 22 0 
s e f 
s: Sign bit (1 bit) 
e: Exponent part (8 bits) 
f: Mantissa (23 bits): ‘1.f shows the fraction. ‘1’ is a hidden bit. 


The numerical value of the floating-point format becomes (-1)§(1.f)2°°'7” (0 < e < 255). 


(2) Signed fixed-point format (SFIX16.16) 
31 30 1615 0 


s Int Frac 
s: Sign bit (1 bit) 

int: Integer (15 bits) 

frac: Fraction (16 bits) 


(3) Signed integer packed format (SINT16.SINT16) 
31 30 161514 0 
Sign bit (1 bit) 
int: Integer (15 bits) 


o Ta] 


(4) RGB packed format 
el 2423 1615 87 


R, G, B: Color bits (8 bits) 


(5) ARGB packed format 
31 2423 1615 8 7 0 


A: Alpha bits (8 bits) 
R, G, B: Color bits (8 bits) 
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8.3 Setup Engine 


8.3.1 Setup processing 


The vertex data transformed by the geometry engine is transferred to the setup engine. CORAL has a 
drawing interface that is compatible with the MB86290A. It operates parameters for various slope 
calculations, etc., with the setup engine. When the obtained parameters are set in the drawing engine, 
the final drawing processing starts. 


8.4 Log Output of Device Coordinates | 


A function is provided to output device coordinates (DC) data obtained by view port conversion to local 
memory (graphics memory). 


8.4.1 Log output mode 


Drawing & log output command 


Log output of drawing coordinates (device coordinates) can be performed concurrently with primitive 
drawing. 


Log output can be controlled using the command with log output on/off attribute; log output is 
performed only when the log output on attribute is specified. 


Log output dedicated command 


When the log output dedicated command is used, log output of the device coordinates can be 
performed. 


8.4.2 Log output destination address 


The log output destination address is controlled by the device coordinates log pointer. Once set an 
address, this pointer automatically increment an output address. 


8.4.3 Log output format 


The log format consists of packed number of X and Y coordinates of vertex. 


bit 

31 | 30 16 | 15/14 0 
S Y S X 

S: signed bit 


Y :Y coordinates values (integer) 
X:X coordinates values (integer) 
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9 DRAWING PROCESSING 


9.1 Coordinate System 


9.1.1 Drawing coordinates 


After the calculation of coordinates by the geometry engine, CORAL draws data in the drawing frame in 
the graphics memory that finally uses the drawing coordinates (device coordinates). 


Drawing frame is treated as 2D coordinates with the origin at the top left as shown in the figure below. 
The maximum coordinates is 4096 x 4096. Each drawing frame is located in the Graphics Memory by 
setting the address of the origin and resolution of X direction (size). Although the size of Y direction does 
not need to be set, Y coordinates which are max. at drawing must not be overlapped with other area. In 
addition, at drawing, specifying the clip frame (top left and bottom right coordinates) can prevent the 
drawing of images outside the clip frame. 


X (max. 4096) 


Origin Drawing frame size X ——- 


(Xmin, Ymin) 


Clip frame 


Drawing frame size Y 


Y (max. 4096) 


(Xmax, Ymax) 


< 
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9.1.2 Texture coordinates 


Texture coordinate is a 2D coordinate system represented as S and T (S: horizontal, T: vertical). Any 
integer in a range of -8192 to +8191 can be used as the S and T coordinates. The texture coordinates is 
correlated to the 2D coordinates of a vertex. One texture pattern can be applied to up to 4096 x 4096 
pixels. The pattern size is set in the register. When the S and T coordinates exceed the maximum 
pattern size, the repeat, cramp or border color option is selected. 


P| S (max. +8192) 
ay 
o>) 
op max. 4096 pixels 
x <—__—_—___» 
E 
= on hy eh ee ee 
; Origin [ree Mace, | 3 
] rot 
fs Texture © 
pattern g 
4 
oO 
E 
_ Vv 
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9.1.3 Frame buffer 


For drawing, the following area must be assigned to the Graphics Memory. The frame size (count of 
pixels on X direction) is common for these areas. 
Drawing frame 
The results of drawing are stored in the graphical image data area. Both the direct and indirect color 
mode are applicable. 
Z buffer 
Z buffer is required for eliminating hidden surfaces. In 16 bits mode, 2 bytes and in 8 bits mode, 1 
byte are required per 1 pixel. 
Polygon drawing flag buffer 
This area is used for polygon drawing. 1 bit is required per 1 pixel. 
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9.2  FigureDrawing 


9.2.1 Drawing primitives 


CORAL has a drawing interface that is compatible with the MB86290A graphics controller which does not 
perform geometry processing. The following types of figure drawing primitives are compatible with the 
MB86290A. 


e Point 

e Line 

e Triangle 

e High-speed 2DLine 

e High-speed 2DTriangle 
e Polygon 


9.2.2 Polygon drawing function 


An irregular polygon (including concave shape) is drawn by hardware in the following manner: 


1. Execute PolygonBegin command. 
Initialize polygon drawing hardware. 


2. Draw vertices. 
Draw outline of polygon and plot all vertices to polygon draw flag buffer using high-speed 2DTriangle 
primitive. 

3. Execute PolygonEnd command. 


Copy shape in polygon draw flag buffer to drawing frame and fill shape with color or specified tiling 
pattern. 
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9.2.3 Drawing parameters 


The MB86290A-compatible interface uses the following parameters for drawing: 


The triangles (Right triangle and Left triangle) are distinguished according to the locations of three vertices 
as follows (not used for high-speed 2DTriangle): 


vo vo 
Upper edge Upper — 
Long edge Upper triangle Pepa mangle Long edge 
SA“ 
V1 V1 
= Lower edge Lower edge add 
Lower triangle Lower triangle v2 
Right-hand triangle Left-hand triangle 


The following parameters are required for drawing triangles (for high-speed 2DTriangle, X and Y 
coordinates of each vertex are specified). 


Ys Xs,Zs,Rs,Gs,Bs,Ss,Ts,Qs XUs 


Upper edge start 
Y coordinates 


dXdy 
dZdy 
dRdy 
dGdy 
dBdy 
dSdy 
dTdy 
dQdy 


——> 
dZdx,dRdx,dGdx,dBdx, 
dSdx,dTdx,dQdx 


USN 


Lower edge start 
Y coordinates 


LSN 


Note: Be careful about the positional relationship between coordinates Xs, XUs, and XLs. 
For example, in the above diagram, when a right-hand triangle is drawn using the parameter that 
shows the coordinates positional relationship Xs (upper edge start Y coordinates) > XUs or Xs 
(lower edge start Y coordinates) > XLs, the appropriate picture may not be drawn. 
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XUs 


Y coordinates start position of long edge in drawing triangle 
X coordinates start position of long edge corresponding to Ys 
X coordinates start position of upper edge 

X coordinates start position of lower edge 

Z coordinates start position of long edge corresponding to Ys 
R color value of long edge corresponding to Ys 

G color value of long edge corresponding to Ys 

B color value of long edge corresponding to Ys 

S coordinate of textures of long edge corresponding to Ys 

T coordinate of textures of long edge corresponding to Ys 

Q perspective correction value of texture of long edge corresponding to Ys 
X DDA value of long edge direction 

X DDA value of upper edge direction 

X DDA value of lower edge direction 

Z DDA value of long edge direction 

R DDA value of long edge direction 

G DDA value of long edge direction 

B DDA value of long edge direction 

S DDA value of long edge direction 

T DDA value of long edge direction 

Q DDA value of long edge direction 

Count of spans of upper triangle 

Count of spans of lower triangle 

Z DDA value of horizontal direction 

R DDA value of horizontal direction 

G DDA value of horizontal direction 

B DDA value of horizontal direction 

S DDA value of horizontal direction 

T DDA value of horizontal direction 


Q DDA value of horizontal direction 


9.2.4 Anti-aliasing function 


CORAL performs anti-aliasing to make jaggies less noticeable and smooth on line edges. 
function at the edges of primitives, redraw the primitive edges with anti-alias lines. 


To use this 


( The edge of line is blended with a frame buffer color at that time. Ideally please draw sequentially from 


father object.) 
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9.3. Bit Map Processing 


9.3.1 BLT 


A rectangular shape in pixel units can be transferred. There are following types of transfer: 
1. Transfer from host CPU to Drawing frame memory 
2. Transfer between Graphics Memories including Drawing frame 


Concerning 1 and 2 above, 2-term logic operation is performed between source and destination data and 
its result can be stored. 


Setting a transparent color enables a drawing of a specific pixel with transmission. 


If part of the source and destination of the BLT field are physically overlapped in the display frame, the 
start address (from which vertex the BLT field to be transferred) must be set correctly. 


9.3.2 Pattern data format 


CORAL can handle three bit map data formats: indirect color mode (8 bits/pixel), direct color mode (16 
bits/pixel), and binary bit map (1 bit/pixel). 


The binary bit map is used for character/font patterns, where foreground color is used for bitmap = 1 pixel, 
and background color (background color can be set to be transparent by setting) is applied for bitmap = 0 
pixels. 
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9.4 Texture Mapping | 


9.4.1 Texture size 


CORAL reads texcel corresponding to the specified texture coordinates (S, T), and draws that data at the 
correlated pixel position of the polygon. For the S and T coordinates, the selectable texture data size is 
any value in the range from 4 to 4096 pixels represented as an exponent of 2. 


9.4.2 Texture color 


Drawing of 8-/16-bit direct color is supported for the texture pattern. For drawing 8-bit direct color, only 
point sampling can be specified for texture interpolation; only de-curl can be specified for the blend mode. 
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9.4.3 Texture lapping 
If a negative or larger than the specified texture pattern size is specified as the texture coordinates (S, T), 


according to the setting, one of these options (repeat, cramp or border) is selected for the ‘out-of-range’ 
texture mapping. The mapping image for each case is shown below: 


Repeat Cramp 


Repeat 
This just simply masks the upper bits of the applied (S, T) coordinates. When the texture pattern size 
is 64 x 64 pixels, the lower 6 bits of the integer part of (S, T) coordinates are used for S and T 
coordinates. 


Cramp 
When the applied (S, T) coordinates is either negative or larger than the specified texture pattern size, 
cramp the (S, T) coordinate as follows instead of texture: 


$<0 S=0 
S > Texture X size — 1 S = Texture X size — 1 


Border 
When the applied (S, T) coordinate is either negative or larger than the specified texture pattern size, 
the outside of the specified texture pattern is rendered in the ‘border’ color. 
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9.4.4 Filtering 


CORAL supports two texture filtering modes: point filtering, and bi-linear filtering. 


Point filtering 


This mode uses the texture pixel specified by the (S, T) coordinates as they are for drawing. The 
nearest pixel in the texture pattern is chosen according to the calculated (S, T) coordinates. 


05 10 15 20 


0.0 


Bi-linear filtering 


The four nearest pixels specified with (S, T) coordinate are blended according to the distance from 
specified point and used in drawing. 


0.5 10 1.5 2.0 
0.0 


9.4.5 Perspective correction 


This function corrects the distortion of the 3D perspective in the texture mapping. For this correction, the 
‘Q’ component of the texture coordinates (Q = 1/W) is set based on the W component of 3D coordinates of 
the vertex. 


When the texture coordinates are large values, the texture may not be drawn correctly when perspective 
correction is performed. This phenomenon occurs due to the precision limitation of the arithmetical unit 
for perspective correction. The coordinates for the texture that cannot be drawn normally vary with the 
value of the Q component; as a guide, when this value, texture coordinates (S, T) is smaller than —2048 or 
larger than 2048, normal drawing results are less likely to be obtained. 


M B86294/ 294S CORAL_LB 
Graphics Controller 92 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


9.4.6 Texture blending 


CORAL supports the following three blend modes for texture mapping: 


De-curl 
This mode displays the selected texture pixel color regardless of the polygon color. 


Modulate 


This mode multiplies the native polygon color (Cp) and selected texture pixel color (C+) and the result is 
used for drawing. Rendering color is calculated as follows (Co): 


Co = Cr x Cp 
Stencil 
This mode selects the display color from the texture color with MSB as a flag. 
MSB =1: Texture color 
MSB = 0: Polygon color 


9.4.7 Bi-linear high-speed mode 


Bi-linear filtering is performed at high speed by creating normal texture data in advance with four-pixel 
redundancy for one pixel. 


One pixel requires information of about four pixels, so an area of four times the normal area is used. 
This data format can only be used only for the bi-linear filtering mode; it cannot be used for the point 
sampling mode. 


The color mode is limited to 16-bit color. 
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Texture layout in bi-linear mode (8 x 8 pixels) 
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9.5 Rendering 


9.5.1 Tiling 


Tiling reads the pixel color from the correlated tiling pattern and maps it onto the polygon. The tiling 
determines the pixel on the pattern read by pixel coordinates to be drawn, irrespective of position and size 
of primitive. 


The tiling pattern size is limited to within 64 x 64 pixels. (at 16-bit color) 


Example of Tiling 


9.5.2 Alpha blending 


Alpha blending blends the drawn in frame buffer to-be-drawn pixel or pixel already according to the alpha 
value set in the alpha register. This function cannot be used simultaneously with logic operation drawing. 
It can be used only when the direct color mode (16 bits/pixel) is used. The blended color C is calculated 
as shown below when the color of the pixel to be drawn is Cp, the color of frame buffer is Cr, and the 
alpha value is A: 


C =CpxA+(1-A) x Cr 


The alpha value is specified as 8-bit data. 00h means alpha value 0% and FFh means alpha value 100%. 
When the texture mapping function is enabled, the following blending modes can be selected: 


Normal 
Blends post texture mapping color with frame buffer color 


Stencil 
Uses MSB of texcel color for ON/OFF control: 
MSB =1: Texcel color 
MSB =0: Frame buffer color 


Stencil alpha 
Uses MSB of texcel color for a/OFF control: 
MSB=1: Alpha blend texcel color and current frame buffer color 
MSB=0: Frame buffer color 


Note: MSB of frame buffer is drawn MSB of texcel in both stencil and stencil aloha mode. 


Therefore in case MSB of texcel is MSB=0, a color of frame buffer is frame buffer, but MSB of 
frame buffer is set to 0. 
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9.5.3 Logic operation 


This mode executes a logic operation between the pixel to be drawn and the one already drawn in frame 
buffer and its result is drawn. Alpha blending cannot be used when this function is specified. 


Type ID Operation Type ID Operation 
CLEAR 0000 0 AND 0001 $&D 
COPY 0011 S OR 0111 S|D 

NOP 0101 D NAND 1110 1(S & D) 
SET 11114 1 NOR 1000 !(S | D) 
COPY INVERTED 1100 IS XOR 0110 S xor D 
INVERT 1010 ID EQUIV 1001 !(S xor D) 
AND REVERSE 0010 S &!D AND INVERTED 0100 IS &D 

OR REVERSE 1011 S$ |!D OR INVERTED 1101 IS|D 


9.5.4 Hidden plane management 


CORAL supports the Z buffer for hidden plane management. 


This function compares the Z value of a new pixel to be drawn and the existing Z value in the Z buffer. 
Display/not display is switched according to the Z-compare mode setting. Define the Z-buffer access 
options in the ZWRITEMASK mode. 


The Z compare operation type is determined by the Z compare mode. 


Either 16 or 8 bits can be selected for the Z-value. 


ZWRITEMASK | 1 7 Compare Z values, no Z value write overwrite 
0 Compare Z values, Z value write 

Z Compare mode | Code | Condition 

NEVER 000 Never draw 

ALWAYS 001 Always draw 

LESS 010 Draw if pixel Z value < current Z buffer value 

LEQUAL 011 Draw if pixel Z value < current Z buffer value 

EQUAL 100 Draw if pixel Z value = current Z buffer value 

GEQUAL 101 Draw if pixel Z value > current Z buffer value 

GREATER 110 Draw if pixel Z value > current Z buffer value 

NOTEQUAL 111 Draw if pixel Z value ! = current Z buffer value 
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9.6 Drawing Attributes 


9.6.1 Line drawing attributes 


In drawing lines, the following attributes apply: 


Line Drawing Attributes 


Drawing Attribute Description 

Line width Line width selectable in range of 1 to 32 pixels 
Broken line Specify broken line pattern in 32-bit data 
Anti-alias Line edge smoothed when anti-aliasing enabled 


9.6.2 Triangle drawing attributes 


In drawing triangles, the following attributes apply (these attributes are disabled in high-speed 2DTriangle). 
Texture mapping and tiling have separated texture attributes: 


Triangle Drawing Attributes 


Drawing Attribute Description 
Gouraud shading or flat shading selectable. 

Shading In case of indirect color mode, gray scale gouraud shading is 
possible. 

Alpha blending Set alpha blending enable/disable per polygon 

Alpha blending coefficient Set color blending ratio of alpha blending 


How to set gray scale gouraud shading 
1. Set Frustum bit of GMDRO register to 0. 
2. Set identity matrix. 
3. Set MDR2 register to the below. 
SM bit = 1, ZC bit = 0, ZW bit = 0, BM bit = 00, TT bit = 00 
4. Set GG bit of MDR7 register to 1. 
5. Execute drawing by same method as a direct color gouraud shading object. 
Note: - Please don’t use G_BeginE command. 
- Please don’t use floating data format in G_Vertex command. 
- R (red) parameter is used as a color parameter. 
6. Set GG bit of MDR7 register to 0 after rendering. 


M B86294/ 294S CORAL_LB 
Graphics Controller 97 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


9.6.3 Texture attributes 


In texture mapping, the following attributes apply: 


Texture Attributes 


Drawing Attribute 


Description 


Texture mode 


Select either texture mapping or tiling 


Texture memory mode 


Use external Graphics Memory to texture mapping 


Texture filter 


Select either point sampling or bi-linear filtering 


Texture coordinates correction 


Select either linear or perspective correction 


Texture wrap 


Select either repeat or cramp of texture pattern 


Texture blend mode 


Select either decal or modulate 


Bi-linear high-speed mode 


Texture data is created in a dedicated format to perform high-speed 
bi-linear filtering. 
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9.6.4BLT attributes 


In BLT drawing, the following attributes apply: 


BLT Attributes 
Drawing Attribute Description 
Logic operation mode Specify two source logic operation mode 
Transparency mode Set transparent copy mode and transparent color 
Alpha map mode Blend a color according to alpha map 


9.6.5 Character pattern drawing attributes 


Character Pattern Drawing 


Drawing Attribute Description 

Character pattern enlarge/shrink 2 x 2, x 2 horizontal, 1/2 x 1/2, x 1/2 horizontal 
Character pattern color Set character color and background color 
Transparency/non-transparency Set background color to transparency/non-transparency 
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9.7 BoldLine | 


9.7.1 Starting and ending points 


e In the CREMSON bold line mode, the starting and ending points are vertical to the principal axis. 
e In the CORAL bold line mode, the starting and ending points are vertical to the theoretical line. 


e Caution: CORAL bold line is generated by different algorithm. Thus drawing position is little bit different 
from other primitive. 


CREMSON bold line mode CORAL bold line mode 
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9.7.2 Broken line pattern 


e The broken line pattern vertical to the theoretical line (the CORAL broken line pattern) is supported. 


e In the CREMSON bold line mode, lines can be drawn using the broken line pattern vertical to the 
CREMSON-compatible principal axis (the CREMSON broken line pattern), and can also be drawn using 
the CORAL broken line pattern. 


e In the CORAL bold line mode, only the CORAL broken line pattern is supported. 


Broken line pattern 
made vertical 


x 7 


~-- 


Starting point made vertical; 
ending point made vertical 


CORAL bold and broken lines 


Interpolation of broken line pattern 
Two types of interpolation modes are supported: 
e No interpolation mode: Interpolation is not performed. 


e Broken line pattern reference address fix mode: The same broken line pattern is referenced for several 
pixels before and after the joint of the bold line. Any pixel count can be set by the user. 
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9.7.3 Edging 


e The edging line is supported. 


e The line body and edging section can have depth information (Z offset). This mechanics makes it 
possible to easily represent a good connection of the overlaid part of the edging line. For example, when 
the line body depth information and edging section depth information are the same, the drawing result of 
the edging line is like the intersection shown in the figure below. Also, when the line body depth 
information and edging section depth information are different, the drawing result of the edging line is like 
the solid intersection shown in the figure below. 


MB86294/ 294S CORAL_LB 
Graphics Controller 102 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


9.7.4Interpolation of bold line joint 
e In the bold line joint interpolation mode, the bold line joint is interpolated using a triangle as shown in the 
figure below. 


e The edging line joint is also interpolated using a triangle, but the said depth information makes it possible 
to represent a good connection as shown in the figure below. 


e Only LineStrip primitive can interpolate, and clipping sometimes breaks LineStrip 


e Caution: Sometime joint shape looks not perfect. ( using approximate calculation) 
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9.8 Shadowing | 


9.8.1 Shadowing 


The Coral supports a shadow primitive which is same shape as a body. 

A shadow is drawn in a position shifted for a device coordinate(X, Y) by setting the 
OverlapXY command. And by setting the OverlapZ, it is possible to control a drawing result to 
avoid twice rendering in alpha blend or logical calculation. 


- Line 
Two shadow lines are drawn in a line shadowing. One is a shadow line and another is a 


shadow composition line. A shadow composition line is used for avoiding an overlap with 


body line. And drawing priority can be set for rendering performance or anti-aliasing. 


- Triangle and polygon 


A shadow primitive are drawn in a triangle and polygon shadowing. Drawing priority is fixed 
as a body primitive is first. 


as Body line 


a , 
—— Shadow composition line 


Body primitive 


Shadow primitive 
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10 DISPLAY LIST 


10.1 Overview | 


Display list is a set of display list commands, parameters and pattern data. All display list commands 
stored in a display list are executed consequently. 


The display list is transferred to the display list FIFO by one of the following methods: 
e Write to display FIFO by CPU 
e Transfer from main memory to display FIFO by external DMA 


e Transfer from graphics memory to display FIFO by register setting 


Display list Command-1 
Data 1-1 
Data 1-2 


Data 2-1 
ee 


Display List 
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10.1.1 Header format 


The format of the display list header is shown below. 


Format List 


| Format |3i{ | | | | | feates} | | | tt felis] | | PT PT ET TT ET Yt fol 


Reserved 
Reserved Reserved 
Reserved Count 
Format 11 Type | Reserved | Reserved 
Count 
Description of Each Field 
Type Display list type 
Command Command 
Count Count of data excluding header 
Address Address value used at data transfer 
Vertex Vertex number 
Flag Attribute flag peculiar to display list command 
Vertex Number Specified in Vertex Code 
Vertex Vertex number (Line) Vertex number (Triangle) 
00 Vo Vo 
01 V1 V1 
10 Setting prohibited V2 
11 Setting prohibited Setting prohibited 


10.1.2 Parameter format 


The parameter format of the geometry command depends on the value set in the D field of GMDRO. 
When the D field is “OO”, all parameters are handled in the floating-point format. When the D field is “01”, 
colors are handled as the packed RGB format, and others are handled as the fixed-point format. When 
the D field is “11”, XY is handled as the packed integer format, colors are handled as the packed RGB 
format, and others are handled as the fixed-point format. 


In the following text, the floating-point format is suffixed by .float, the fixed point format is suffixed 
by .fixed, and the integer format is suffixed by .int. Set GMDRO properly to match parameter 
suffixes. 


Rendering command parameters conform to the MB86290A data format. 
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10.2 Geometry Commands | 


10.2.1 Geometry command list 


CORAL geometry commands and each command code are shown in the table below. 


Type Command Description 
G_Nop — No operation 
G_Begin See Geometry Specifies primitive type and pre-processes 
command code table. 
G_BeginCont = Specifies primitive type (vertex processing in same 
mode as previous mode) 
G_BeginE See Geometry Specifies primitive type and pre-processes 


command code table. 


This command is used at execution of the CORAL 
extended function. 


G_BeginECont 


Specifies primitive type (vertex processing in same 
mode as previous mode) 

This command is used at execution of the CORAL 
extended function. 


G_End — Ends primitive 
This command is used at execution of G_Begin or 
G_BeginCont 

G_EndE — Ends primitive 
This command is used at execution of G_BeginE or 
G_BeginECont. 

G_Vertex — Sets vertex parameter and draws 

G_VertexLOG — Sets vertex parameter and draws 


Outputs device coordinates 


G_VertexNopLOG 


Only outputs device coordinates 


G_Init 


Initialize geometry engine 


G_Viewport 


Scale to screen coordinates (X, Y) and set origin offset 


G_DepthRange 


Scale to screen coordinates (Z) and set origin offset 


G_LoadMatirix 


Load geometric transformation matrix 


G_ViewVolumeXYClip 


Set boundary value (X, Y) of view volume clip 


G_ViewVolumeZClip 


Set boundary value (Z) of view volume clip 


G_ViewVolumeWClip 


Set boundary value (W) of view volume clip 


OverlapXYOfft 


See Command table. 


Sets XY offset at shading 


OverlapZOfft 


See Command table. 


Sets Z offset of shade primitive; sets Z offset of edge 
primitive; sets Z offset of interpolation primitive at 2D 
drawing with top-left non-applicable 


DC_LogOutAddr 


Sets starting address of device coordinates output 


SetModeRegister See Command table. | Sets drawing extended mode register 
SetGModeRegister See Command table. | Sets geometry extended mode register 
SetColorRegister See Command table. | Sets body color, shade color, and edge color 
SetLVertex2i —_ Pass through high-speed 2DLine drawing register 
SetLVertex2iP — Pass through high-speed 2DLine drawing register 
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Type code table 


Type Code 

G_Nop 0010_0000 
G_Begin 0010 0001 
G_BeginCont 0010 0010 
G_End 0010 0011 
G_Vertex 0011_ 0000 
G_VertexLOG 0011 0010 
G_VertexNopLOG 0011 0011 
G_Init 0100_0000 
G_Viewport 0100 0001 
G_DepthRange 0100_0010 
G_LoadMatirix 0100 0011 
G_ViewVolumeXYClip 0100 0100 
G_ViewVolumeZClip 0100_0101 
G_ViewVolumeWClip 0100 0110 
SetLVertex2i 0111_0010 
SetLVertex2iP 0111_0011 
SetModeRegister 1100 0000 
SetGModeRegister 1100 0001 
OverlapXyY Offt 1100_ 1000 
OverlapZOfft 1100 1001 
DC_LogOutAddr 1100_1100 
SetColorRegister 1100 1110 
G_BeginE 1110 0001 
G_BeginContE 1110 0010 
G_EndE 1110 0011 
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Geometry command code table 


(1) Integer setup type 


In setup processing, “XY” is calculated in the integer format and other parameters are calculated in the 
floating-point format. 


Command Code 

Points. int 0001_0000 
Lines. int 0001_0001 
Polygon.int 0001_0010 
Triangles.int 0001 0011 
Line_Strip.int 0001_0101 
Triangle_Strip.int 0001_0111 
Triangle _Fan.int 0001_ 1000 


(2) “Unclipped” integer setup type 
This command does not clip the view volume. 
Only “XY” is enabled as the input parameter. 
In setup processing, “XY” is calculated in the integer format. 
The screen projection (GMDRO[0]=1) performed using this command is not assured. 


Command Code 

nclip Points. int 0011 0000 
nclip_Lines.int 0011_0001 
nclip_Polygon.int 0011_0010 
nclip_Triangles.int 0011 0011 
nclip_Line_Strip.int 0011_0101 
nclip_Triangle_Strip.int 0011_0111 
nclip_Triangle_Fan.int 0011 _ 1000 
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10.2.2 Explanation of geometry commands 


G_Nop (Format 1) 
31 24 23 1615 0 


No operation 


G_Init (Format 1) 
31 24 23 16 15 ) 


The G_Init command initializes geometry engine. Execute this command before processing. 


G_End (Format 1) 
31 24 23 16 15 0 


The G_End command ends one primitive. The G_Vertex command must be specified between the 
G_Begin or G_BeginCont command and G_End command. 
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G_Begin (Format 5) 
31 24 23 1615 ) 


The G_Begin command sets types of primitive for geometry processing and drawing. A vertex is set 
and drawn by the G_Vertex command. The G_Vertex command must be specified between the 
G_Begin or G_BeginCont command and G_End command. 


Command: 
Points* Handles primitive as point 
Lines* Handles primitive as independent line 
Polygon* Handles primitive as polygon 
Triangles* Handles primitive as independent triangle 
Line_Strip* Handles primitive as line strip 
Triangle_Strip* Handles primitive as triangle strip 
Triangle_Fan* Handles primitive as triangle fan 


Usable combinations of GMDRO mode setting and primitives are as follows: 
Unclipped primitives (nclip*) 


(ST,Z,C) Point Line Triangle Polygon 
(0,0,0) O O O O 
Other than above x x x x 


Primitives other than unclipped primitives 


(ST,Z,C) Point Line Triangle Polygon 
(0,0,0) O O O O 
(0,0,1) x x O x 
(0,1,0) X(*1) O O x 
(0,1,1) x x O x 
(1,x,x) x x O x 


“1: Please use a geometry lines which coordinates set to same value. And set 
GMDR1/GMDR1E to "End point drawn" and set MDR1 to "Z compare enable", "solid", "1 
pixel line width". 


G_BeginCont (Format 1) 
31 24 23 1615 0 


G_BeginCont 


When the primitive type set by the G_Begin command the last time and drawing mode are not 
changed, the G_BeginCont command is used instead of the G_Begin command. The G_BeginCont 
command is processed faster than the G_Begin command. 


The packet that can be set between the G_End packet set just before and the G_BeginCont packet is 
only ‘foreground color setting by the SetRegister packet.’ The G_Vertex command must be specified 
between the G_Begin or G_BeginCont command and G_End command. _ No primitive type need be 
specified in the G_BeginCont command. 
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G_BeginE (Format 5) 
31 24 23 16 15 0 


This is the extended G_Begin command. 
When using the following functions, this command must be executed instead of G_Begin. 


e Mode register 
MDR1S/MDR1B/MDR1TL/MDR2S/MDR2TL/GMDR1E/GMDR2E 


e Polygon with Z or texture mapping 


e Log output of device coordinates 
G_VertexLOG/G_VertexNopLOG 


The G_BeginE command sets types of primitive for geometry processing and drawing. Vertex 
setting/drawing using the above extended function is performed using the G_Vertex* command. The 
G_Vertex* command must be set between the G_BeginE command (or the G_BeginECont 
command) and the G_EndE command. 


Command: 
Points* Handles primitive as point 
Lines* Handles primitive as independent line 
Interpolation of the joint and broken line pattern is not supported. 
Polygon* Handles primitive as polygon 
Triangles* Handles primitive as independent triangle 
Line_Strip* Handles primitive as line strip 
Triangle_Strip* Handles primitive as triangle strip 
Triangle_Fan* Handles primitive as triangle fan 


Usable combinations of GMDRO mode setting and primitives are as follows: 
Unclipped primitives (nclip*) 


(ST,Z,C) Point Line Triangle Polygon 
(0,0,0) O O O O 
Other than above x x x x 


Primitives other than unclipped primitives 


(ST,Z,C) Point Line Triangle Polygon(*2) 
(0,0,0) O O O O 
(0,0,1) x x O x 
(0,1,0) X(*3) O O O 
(0,1,1) x x O x 
(1,x,x) x x O O (*1) 


“1: Shading is not assured. 


“2: In case of drawing polygon with Z,ST=1, the algorithm is approximate calculation. The 
triangle algorithm is more accurate. 
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*3: Please use a geometry lines which coordinates set to same value. And set 
GMDR1/GMDR1E to "End point drawn" and set MDR1 to "Z compare enable", "solid", "1 
pixel line width". 
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G_BeginECont (Format 1) 
31 24 23 16 15 0) 


G_BeginCont 


When the primitive type set by the G_BeginE command the last time and drawing mode are not 
changed, the G_BeginECont command is used instead of the G_BeginE command. The 
G_BeginECont command is processed faster than the G_BeginE command. 


The packet that can be set between the G_End packet set just before and the G_BeginCont packet is 
only ‘foreground color setting by the SetRegister packet.’ The G_Vertex command must be specified 
between the G_Begin or G_BeginCont command and G_End command. _ No primitive type need be 
specified in the G_BeginCont command. 
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G_Vertex/G_VertexLOG/G_VertexNopLOG (Format 1) 


When data format is floating-point format 
31 24 23 1615 0 


X.float 


Y. float 


S.float 


When data format is fixed-point format 


31 24 23 16 15 0 
Reserved 
R.int G.int B.int 


When data format is packed integer format 
31 24 23 16 15 0 


The G_Vertex command sets vertex parameters and processes and draws the geometry of the primitive 
specified by the G_Begin* command. Note the following when using this command: 


e Required parameters depend on the setting of the GMDRO register. Proper values must be set as the 
mode values of the MDRO to MDR4 registers to be finally reflected at drawing. That is, when “Z” 
comparison is made (ZC bit of MDR1 or MDR2 = 1), the Z bit of the GMDRO register must be set to 1. 
When Gouraud shading is performed (SM bit of MDR2 = 1), the C bit of the GMDRO register must be set 
to 1. When texture mapping is performed (TT bits of MDR2 = 10), the ST bit of the GMDRO register 
must be set to 1. 


e When the Z bit of the GMDRO register is 0, input “Z” (Zoc) is treated as “O”. 
e Use values normalized to 0 and 1 as texture coordinates (S, T). 


e When the color RGB is floating-point format, use values normalized to 0 and 1 as the 8-bit color value. 
For the packed RGB, use the 8-bit color value directly. 


e The GMDR71 register is valid only for line drawing; it is ignored in primitives other than line. 


e The GMDR2 register matters only when a triangle (excluding a polygon) is drawn. At primitives other 
than triangle, set “O”. 


e The use of both G_BeginE(G_BeginEcont) to G_EndE, and G_VertexLOG/NopLOG is not assured. 


e G_VertexNopLOG, except for the primitive as point is not assured. 
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e A vertex data is processed at every time. For example, the Coral draws interpolation of bold line joint, 
edging line, shadows at every vertices. 


G_Viewport (Format 1) 
31 24 23 16 15 0) 


X_Offset.float/fixed 


Y_Scaling.float/fixed 


Y_Offset.float/fixed 


The G_Viewport command sets the “X,Y” scale/offset value used when normalized device coordinates 
(NDC) is transformed into device coordinates (DC). 


G_DepthRange (Format 1) 
31 24 23 16 15 0 
Reserved 


Z_Offset.float/fixed 


The G_DepthRange command sets the “Z” scale/offset value used when an NDC is transformed into a 
DC. 


G_LoadMatrix (Format 1) 
31 24 23 16 15 0 
Reserved 
Matrix_a3.float/fixed 
Matrix_b0.float/fixed 
Matrix_b1.float/fixed 


Matrix_c1.float/fixed 
Matrix_c2.float/fixed 


The G_LoadMatrix command sets the transformation matrix used when object coordinates (OC) is 
transformed into clip coordinates (CC). 


Matrix. c3.float/fixed 
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G_ViewVolumeXYClip (Format 1) 
31 24 23 16 15 ) 


G_ViewVolumeXY Clip Reserved 


XMIN. float/fixed 
XMAX.float/fixed 


The G_ViewVolumeXYClip command sets the X,Y coordinates of the clip boundary value in view 
volume clipping. 


G_ViewVolumeZClip (Format 1) 
31 24 23 16 15 ) 


G_ViewVolumeZClip Reserved 


ZMIN.float/fixed 
ZMAX.float/fixed 


The G_ViewVolumeZClip command sets the Z coordinates of the clip boundary value in view volume 
clipping. 


G_ViewVolumeWClip (Format 1) 
31 24 23 16 15 0) 


G_ViewVolumeWClip 
WMIN.float/fixed 


The G_ViewVolumeWClip command sets the W coordinates of the clip boundary value in view 
volume clipping (minimum value only). 
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OverlapXYOfft (Formats) 
31 24 23 1615 ) 


OverlapXYOfft 
Y Offset X Offset 


The OverlapXYOfft command sets the XY offset of the shade primitive relative to the body primitive at 
shading drawing. Shadow shape is same as body. 


Command: 
Command Code Explanation 
ShadowXY 0000_0000 ShadowXY command sets the XY offset of the shade 


primitive relative to the body primitive. 


ShadowXYcompsition 00000001 ShadowXYcomposition command sets the XY offset of 
the shade synthetic primitive relative to the body 
primitive. 

It command synthesizes a shade from the relationship 
between the XY offset set using ShadowXY and this 
XY offset. This command is enabled for only lines. 


OverlapZOfft (Format5) 
31 24 23 16 15 0 


don’t care Z Offset 


Note: When MDRO ZP = 1, only lower 8 bits are enabled. 


31 24 23 16 15 0 


The OverlapZOfft command sets the Z offset of the shade primitive relative to the body primitive, sets 
the Z-offset of the edge primitive relative to the body primitive, and sets the Z offset of the interpolation 
primitive relative to the body primitive, with the top-left rule non-applicable in effect. 


At this time, the following relationship must be satisfied when, for example, GREATER is specified for 
the Z value comparison mode: 


Body primitive > Top-left rule non-applicable interpolation primitive 
> Edge primitive > Shade primitive 


Command: 
Command Code Explanation 
Origin 0000_0000 Origin command sets the Z offset of the body primitive. 


When drawing one primitive below the other primitive (for 
example, when drawing a solid intersection), this Z offset is 
changed. When drawing an ordinary intersection, set the 
same Z offset as other primitives. 


NonTopLeft 0000_0001 NonTopLeft command sets the Z offset of the interpolation 
primitive, with the top-left non-applicable. 


Border 0000_0010 Border command sets the Z offset of the edge primitive. 

Shadow 0000_0011 Shadow command sets the Z offset of the shade primitive. 

Packed_ONBS 0000_0111 Packed_ONBS command sets the above four types of Z 
offsets. 
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DC_LogOutAddr (Format5) 
31 24 23 


16 15 0 


OverlapxYOfit 
000000 LogOutAddr 


The DC_LogOutAddr command sets the starting address of the log output destination of the device coordinates. 


SetModeRegister (Format5) 
31 24 23 


16 15 0 


SetModeRegister 
MDR1*/MDR2* 


The SetModeRegister command sets the mode register for shade primitive, for edge primitive, and for top-left 
non-applicable primitive. At drawing of these primitives, also set the mode register (MDR1/MDR2) for the body 


primitive, using this packet. 


Command: 

Command Code 

MDR1 0000_0000 
MDR1S 0000_0010 
MDR1B 0000_0100 
MDR2 0000_0001 
MDR2S 0000_0011 
MDR2LT 0000_0111 


SetGModeRegister (Format5) 
31 24 23 


Explanation 

MDR1 command sets MDR1 for the body primitive. 

MDR1S command sets MDR1 for the shade primitive. 

MDR1B command sets MDR1 for the edge primitive. 

MDR2 command sets MDR2 for the body primitive. 

MDR2S command sets MDR2 for the shade primitive. 

MDR2LT command sets MDR2 for the top-left non-applicable primitive. 


16 15 0 


SetGModeRegister 
GMDR1E/GMDR2E 


The SetGModeRegister command sets the geometry extended mode register. 


Command: 
Command Code 
GMDR1E 0001_0000 


GMDR2E 0010_0000 
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Explanation 


GMDR1E command sets GMDR1E and at the same time, updates 
GMDR1. 


GMDR2E command sets GMDR2E and at the same time, updates 
GMDR2. 
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SetColorRegister (Formats) 
31 24 23 1615 ) 


FGC8/16/24 
The SetColorRegister command sets the foreground color and background color of the body primitive, shade 
primitive, and edge primitive. 


Commands: 
Command Code Explanation 
ForeColor 0000_0000 __- ForeColor command sets the foreground color for the body 
primitive. 
BackColor 0000_0001 BackColor command sets the background color for the body 
primitive. 


ForeColorShadow 0000_0010 ForeColorShadow command sets the foreground color for the 
shade primitive. 


BackColorShadow  0000_0011 BackColorShadow command sets the background color for the 
shade primitive. 


ForeColorBorder 0000_0100 ForeColorBorder command sets the foreground color for the 
edge primitive. 


BackColorBorder 0000_0101 BackColorBorder command sets the background color for the 
edge primitive. 


SetRegister (Format 2) 
31 24 23 16 15 0 


The SetRegister command is upper compatible with CREMSON SetRegister. It can specify the address of a 
register in the geometry engine. 


SetLVertex2i (Format 1) 
31 24 23 16 15 0 


SetLVertex2i 
LXOdc 


LYOdc 


The SetLVertex2i command issues the SetRegister_LXOdc/LYOdc command (MB86290A command to set 
starting vertex at line drawing) in the geometry FIFO interface. This performs processing faster than when the 
SetRegister_LXOdc/LYOdc command is input directly to the geometry FIFO. 


SetLVertex2iP (Format 1) 
31 24 23 16 15 0 


Setl Vertex2iP 
LYOdc LXOdc 


The SetLVertex2iP command supports packed XY of SetLVertex21. 
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10.3. Rendering Command | 


10.3.1 Command list 


The following table lists CORAL rendering commands and their command codes. 


Type Command Description 
Nop — No operation 
Interrupt — Interrupt request to host CPU 
Sync — Synchronization with events 
SetRegister — Sets data to register 
Normal Sets data to high-speed 2DTriangle vertex register 
SetVertex2i ‘ Initializes border rectangle calculation of multiple 
PolygonBegin ; 
vertices random shape 
7 PolygonEnd Clears polygon flag after drawing polygon 
raw 
Flush_FB/Z Flushes drawing pipelines 
DrawPixel Pixel Draws point 
DrawPixelZ PixelZ Draws point with Z 
Xvector Draws line (principal axis X) 
Yvector Draws line (principal axis Y) 
DrawLine ; ' ' 7 on : a , 
AntiXvector Draws line with anti-alias option (principal axis X) 
AntiYvector Draws line with anti-alias option (principal axis Y) 
a ZeroVector Draws high-speed 2DLine (with vertex 0 as starting 
DrawLine2i point) 
DrawLine2iP OneVector Draws high-speed 2DLine (with vertex 1 as starting 
point) 
TrapRight Draws right triangle 
DrawTrap F 
TrapLeft Draws left triangle 
DrawVertex2i TriangleFan Draws high-speed 2DTriangle 
DrawVertex2iP FlagTriangleFan Draws high-speed 2DTriangle for multiple vertices 
random shape 
BItFill Draws rectangle with single color 
DrawRectP 
ClearPolyFlag Clears polygon flag buffer 
BltDraw Draws BIt (16-bit) 
DrawBitmapP . : : 
Bitmap Draws binary bit map (character) 
DrawBitmapLargeP BltDraw Draws BIt (32-bit) 
TopLeft Blt transfer from top left coordinates 
BltCopyP - - - 
ans TopRight Blt transfer from top right coordinates 
(e) = 
Me BottomLeft Blt transfer from bottom left coordinates 
AlternateP : : ; 
BottomRight Bit transfer from bottom right coordinates 
LoadTexture Loads texture pattern 
LoadTextureP : 
LoadTILE Loads tile pattern 
LoadTexture Loads texture pattern from local memory 
BltTextureP ; 
LoadTILE Loads tile pattern from local memory 
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BltCopyAlt- 
AlphaBlendP 


Alpha blending is supported (see the alpha map). 
BltCopyAlternateP 
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Type Code Table 
Type Code 
DrawPixel 0000_0000 
DrawPixelZ 0000_0001 
DrawLine 0000_0010 
DrawLine2i 0000_0011 
DrawLine2iP 0000_0100 
DrawTrap 0000_0101 
DrawVertex2i 0000_0110 
DrawVertex2iP 0000_0111 
DrawRectP 0000_ 1001 
DrawBitmapP 0000_1011 
BitCopyP 0000_1101 
BitCopyAlternateP 0000_1111 
LoadTextureP 0001 0001 
BltTextureP 0001_0011 
BltCopyAltAlphaBlendP 0001_1111 
SetVertex2i 0111_ 0000 
SetVertex2iP 0111_0001 
Draw 1111_0000 
SetRegister 1111_0001 
Sync 1111_1100 
Interrupt 1111_1101 
Nop 11111111 
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Command Code Table (1) 


Command Code 
Pixel 000_00000 
PixelZ 000_00001 
Xvector 001_ 00000 
Yvector 001_00001 
XvectorNoEnd 001 00010 
YvectorNoEnd 001_00011 
XvectorBlpClear 001_ 00100 
YvectorBlpClear 001_ 00101 
XvectorNoEndBlpClear 001_00110 
YvectorNoEndBlipClear 001_00111 
AntiXvector 001_ 01000 
AntiYvector 001_ 01001 
AntiXvectorNoEnd 001_01010 
AntiYvectorNoEnd 001_01011 
AntiXvectorBlpClear 001_01100 
AntiYvectorBlpClear 001_01101 
AntiXvectorNoEndBlpClear 001_01110 
AntiYvectorNoEndBipClear 001_01111 
ZeroVector 001_ 10000 
Onevector 001_ 10001 
ZeroVectorNoEnd 001_ 10010 
OnevectorNoEnd 001_ 10011 
ZeroVectorBlpClear 001_ 10100 
OnevectorBlpClear 001_ 10101 
ZeroVectorNoEndBlpClear 001_10110 
OnevectorNoEndBlpClear 001_10111 
AntiZeroVector 001_ 11000 
AntiOnevector 001_ 11001 
AntiZeroVectorNoEnd 001_11010 
AntiOnevectorNoEnd 001_11011 
AntiZeroVectorBlpClear 001_11100 
AntiOnevectorBlpClear 001_11101 
AntiZeroVectorNoEndBlpClear 001_11110 
AntiOnevectorNoEndBlpClear 001_11111 
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Command Code Table (2) 


Command Code 
BItFill 010_00001 
BltDraw 010_00010 
Bitmap 010_00011 
TopLeft 010_00100 
TopRight 010_00101 
BottomLeft 010 00110 
BottomRight 010_00111 
LoadTexture 010 01000 
LoadTILE 010_01001 
TrapRight 011_00000 
TrapLeft 011_00001 
TriangleFan 011_00010 
FlagTriangleFan 011_ 00011 
Flush_FB 110_00001 
Flush_Z 110_00010 
PolygonBegin 111_00000 
PolygonEnd 111_00001 
ClearPolyFlag 111_00010 
Normal 111_11111 
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10.3.2 Details of rendering commands 


All parameters belonging to their command are stored in relevant registers. The definition of each 
parameter is explained in the section of each command. 


Nop (Format) 
31 24 23 1615 0 


Nop 


No operation 


Interrupt (Format) 
31 24 23 16 15 0 


Interrupt 


The Interrupt command generates interrupt request to host CPU. 


Sync (Format9) 
31 24 23 1615 4 0 


The Syne command suspends all subsequent display list processing until event set in flag detected. 
Flag: 


Bit number 4 3 2 1 0 
Bit field name | Reserved | Reserved | Reserved | Reserved | VBLANK 


Bit 0 VBLANK 
VBLANK Synchronization 
0 No operation 
1 Wait for VSYNC detection 
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SetRegister (Format2) 
31 24 23 16 15 0 


(Val 1) 


(Val n) 


The SetRegister command sets data to sequential registers. 
Count: Data word count (in double-word unit) 


Address: Register address 


Set the value of the address for SetRegister given in the register list. 
When transferring two or more data, set the starting register address. 


SetVertex2i (Formats) 


31 24 23 16 15 43210 
SetVertex2i_ | = Command | _——sReserved S| flag’_vertex 
Xdc 


Ydc 


The SetVertex2i command sets vertices data for high-speed 2DLine or high-speed 2DTriangle to 
registers. 


Commands: 
Normal Sets vertex data (X, Y). 
PolygonBegin Starts calculation of circumscribed rectangle for random shape to be 


drawn. Calculate vertices of rectangle including all vertices of 
random shape defined between PolygonBegin and PolygonEnd. 


Flag: Not used 


SetVertex2iP (Formats) 


31 24 23 16 15 43210 
SetVertex2i_ | = Command | _———séReserved —S_s|, flag’ vertex 
Ydc Xdc 


The SetVertex2iP command sets vertices data for high-speed 2DLine or high-speed 2DTriangle to 
registers. 


Only the integer (packed format) can be used to specify these vertices. 


Commands: 
Normal Sets vertices data. 
PolygonBegin Starts calculation of circumscribed rectangle of random shape to be 


drawn. Calculate vertices of rectangle including all vertices of 
random shape defined between PolygonBegin and PolygonEnd. 


Flag: Not used 
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Draw (Format5) 
31 24 23 16 15 0 


The Draw command executes drawing command. All parameters required for drawing command 
execution must be set at their appropriate registers. 


Commands: 
PolygonEnd Draws polygon end. 
Fills random shape with color according to flags generated by 
FlagTriangleFan command and information of circumscribed rectangle 
generated by PolygonBegin command. 


Flush_FB Flushes drawing data in the drawing pipeline into the graphics memory. 
Place this command at the end of the display list. 
Flush_Z Flushes Z value data in the drawing pipeline into the graphics memory. 


When using the Z buffer, place this command together with the Flush_FB 
command at the end of the display list. 


DrawPixel (Format5) 


31 24 23 1615 0 
DeawPixel Command Reserved 
PXs PO 
PYs pe 
The DrawPixel command draws pixel. 
Command: 
Pixel Draws pixel without Z value. 


DrawPixelZ (Format5) 
31 24 23 1615 0 


PPX 
PPS 
ps 


The DrawPixelZ command draws pixel with Z value. 


Command: 
PixelZ Draws pixel with Z value. 
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DrawLine (Format5) 
31 24 23 16 15 0 


Reserved 


LXs 


The DrawLine command draws line. It starts drawing after setting all parameters at line draw 
registers. 


Commands: 

Xvector Draws line (principal axis X). 

Yvector Draws line (principal axis Y). 

XvectorNoEnd Draws line (principal axis X, and without end point drawing). 

YvectorNoEnd Draws line (principal axis Y, and without end point drawing). 

XvectorBlpClear Draws line (principal axis X, and prior to drawing, broken line 
pattern reference position cleared). 

YvectorBlpClear Draws line (principal axis Y, and prior to drawing, broken line 
pattern reference position cleared). 

XvectorNoEndBlpClear Draws line (principal axis X, without end point drawing and prior 
to drawing, broken line pattern reference position cleared). 

YvectorNoEndBlpClear Draws line (principal axis Y, without end point drawing and prior 
to drawing, broken line pattern reference position cleared). 

AntiXvector Draws anti-alias line (principal axis X). 

AntiYvector Draws anti-alias line (principal axis Y). 

AntiXvectorNoEnd Draws anti-alias line (principal axis X, and without end point 
drawing). 

AntiYvectorNoEnd Draws anti-alias line (principal axis Y, and without end point 
drawing). 

AntiXvectorBlpClear Draws anti-alias line (principal axis X and prior to drawing, 
broken line pattern reference position cleared). 

AntiYvectorBlpClear Draws anti-alias line (principal axis Y and prior to drawing, 


broken line pattern reference position cleared). 


AntiXvectorNoEndBlpClear Draws anti-alias line (principal axis X, without end point drawing 
and prior to drawing, broken line pattern reference position 
cleared). 


AntiYvectorNoEndBlpClear Draws anti-alias line (principal axis Y, without end point drawing 
and prior to drawing, broken line pattern reference position 
cleared). 
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DrawLine2i (Format7) 


31 24 23 16 15 0 


PFS 
The DrawLine2i command draws high-speed 2DLine. It starts drawing after setting parameters at the 
high-speed 2DLine drawing registers. Integer data can only be used for coordinates. 


Commands: 
ZeroVector Draws line from vertex 0 to vertex 1. 
OneVector Draws line from vertex 1 to vertex 0. 
ZeroVectorNoEnd Draws line from vertex 0 to vertex 1 (without drawing end 
point). 
OneVectorNoEnd Draws line from vertex 1 to vertex 0 (without drawing end 


ZeroVectorBlpClear 


OneVectorBlpClear 


ZeroVectorNoEndBlpClear 


OneVectorNoEndBlpClear 


AntiZeroVector 
AntiOneVector 
AntiZeroVectorNoEnd 


AntiOneVectorNoEnd 


AntiZeroVectorBlpClear 


AntiOneVectorBlpClear 


AntiZeroVectorNoEndBlpClear 


AntiOneVectorNoEndBlpClear 


point). 


Draws line from vertex 0 to vertex 1 (principal axis X, and 
prior to drawing, broken line pattern reference position 
cleared). 


Draws line from vertex 1 to vertex 0 (principal axis Y, and 
prior to drawing, broken line pattern reference position 
cleared). 


Draws line from vertex 0 to vertex 1 (principal axis X, without 
end point drawing and prior to drawing, broken line pattern 
reference position cleared). 


Draws line from vertex 1 to vertex 0 (principal axis Y, without 
end point drawing and prior to drawing, broken line pattern 
reference position cleared). 


Draws anti-alias line from vertex 0 to vertex 1. 
Draws anti-alias line from vertex 1 to vertex 0. 


Draws anti-alias line from vertex 0 to vertex 1 (without end 
point). 


Draws anti-alias line from vertex 1 to vertex 0 (without end 
point). 


Draws anti-alias line from vertex 0 to vertex 1 (principal axis 
X and prior to drawing, broken line pattern reference position 
cleared). 


Draws anti-alias line from vertex 1 to vertex 0 (principal axis 
Y and prior to drawing, broken line pattern reference position 
cleared). 


Draws anti-alias line from vertex 0 to vertex 1 (principal axis 
X, without end point drawing and prior to drawing, broken line 
pattern reference position cleared). 


Draws anti-alias line from vertex 1 to vertex 0 (principal axis 
Y, without end point drawing and prior to drawing, broken line 
pattern reference position cleared). 
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DrawLine2iP (Format7) 
31 24 23 16 15 0 


The DrawLine2iP command draws high-speed 2DLine. It starts drawing after setting parameters at 
high-speed 2DLine drawing registers. Only packed integer data can be used for coordinates. 


Commands: 

ZeroVector Draws line from vertex 0 to vertex 1. 

OneVector Draws line from vertex 1 to vertex 0. 

ZeroVectorNoEnd Draws line from vertex 0 to vertex 1 (without drawing end 
point). 

OneVectorNoEnd Draws line from vertex 1 to vertex 0 (without drawing end 
point). 

ZeroVectorBlpClear Draws line from vertex 0 to vertex 1 (principal axis X, and 
prior to drawing, broken line pattern reference position 
cleared). 

OneVectorBlpClear Draws line from vertex 1 to vertex 0 (principal axis Y, and 


ZeroVectorNoEndBlpClear 


OneVectorNoEndBlipClear 


AntiZeroVector 
AntiOneVector 
AntiZeroVectorNoEnd 


AntiOneVectorNoEnd 


AntiZeroVectorBlpClear 


AntiOneVectorBlpClear 


AntiZeroVectorNoEndBlpClear 


AntiOneVectorNoEndBlpClear 


prior to drawing, broken line pattern reference position 
cleared). 


Draws line from vertex 0 to vertex 1 (principal axis X, without 
end point drawing and prior to drawing, broken line pattern 
reference position cleared). 


Draws line from vertex 1 to vertex 0 (principal axis Y, without 
end point drawing and prior to drawing, broken line pattern 
reference position cleared). 


Draws anti-alias line from vertex 0 to vertex 1. 
Draws anti-alias line from vertex 1 to vertex 0. 


Draws anti-alias line from vertex 0 to vertex 1 (without end 
point). 


Draws anti-alias line from vertex 1 to vertex 0 (without end 
point). 


Draws anti-alias line from vertex 0 to vertex 1 (principal axis 
X and prior to drawing, broken line pattern reference position 
cleared). 


Draws anti-alias line from vertex 1 to vertex 0 (principal axis 
Y and prior to drawing, broken line pattern reference position 
cleared). 


Draws anti-alias line from vertex 0 to vertex 1 (principal axis 
X, without end point drawing and prior to drawing, broken 
line pattern reference position cleared). 


Draws anti-alias line from vertex 1 to vertex 0 (principal axis 
Y, without end point drawing and prior to drawing, broken 
line pattern reference position cleared). 
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DrawTrap (Format5) 
31 24 23 16 15 0 


Command 
ae a |e | eee 


The DrawTrap command draws Triangle. It starts drawing after setting parameters at the Triangle 
Drawing registers (coordinates). 


Commands: 
TrapRight Draws right triangle. 
TrapLeft Draws left triangle. 


DrawVertex2i (Format?) 
31 24 23 1615 0 


DrawVertex2i 


Xdc 


pd 


The DrawVertex2i command draws high-speed 2DTriangle 


It starts triangle drawing after setting parameters at 2DTriangle Drawing registers. 


Commands: 
TriangleFan Draws high-speed 2DTriangle. 
FlagTriangleFan Draws high-speed 2DTriangle for polygon drawing in the flag buffer. 


DrawVertex2iP (Format7) 


31 24 23 16 15 0 
DrawVertex2iP 
Yde 


The DrawVertex2iP command draws high-speed 2DTriangle 
It starts drawing after setting parameters at 2DTriangle Drawing registers 
Only the packed integer format can be used for vertex coordinates. 


Commands: 
TriangleFan Draw high-speed 2DTriangle. 
FlagTriangleFan Draws high-speed 2DTriangle for polygon drawing in the flag buffer. 
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DrawRectP (Format5) 
31 24 23 1615 0 


DrawRectP 


RYs 


The DrawRectP command fills rectangle. The rectangle is filled with the current color after setting 
parameters at the rectangle registers. Please set XRES(X resolution) to in 8 byte units when using this 
command. 


Commands: 
BItFill Fills rectangle with current color (single). 
ClearPolyFlag Fills polygon drawing flag buffer area with 0. The size of drawing 


frame is defined in Rsizex,Y. 


DrawBitmapP (Format6) 
31 24 23 1615 0 


(Pattern 0) 
(Pattern 1) 
a 


The DrawBitmapP command draws rectangle patterns. Please set XRES(X resolution) to in 8 byte 
units when using this command. 


Commands: 
BltDraw Draws rectangle of 8 bits/pixel or 16 bits/pixel. 
DrawBitmap Draws binary bitmap character pattern. Bit 0 is drawn in transparent 


or background color, and bit 1 is drawn in foreground color. 


DrawBitmapLargeP (Formatt11) 
31 24 23 16 15 0 
Reserved 


(Pattern 0) 
(Pattern 1) 
CC 


The DrawBitmapP command draws rectangle patterns. 

The parameter(count field) could be used up to 32-bit(*1) unlike DrawBitmapP. 

(*1: The data format of counter field is signed long. Thus actually it is possible to use up to 31-bit.) 
Please set XRES(X resolution) to in 8 byte units when using this command. 


Commands: 
BltDraw Draws rectangle of 8 bits/pixel or 16 bits/pixel. 
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BltCopyP (Format5) 
31 24 23 16 15 0 


BitCopyP 


The BltCopyP command copies rectangle pattern within drawing frame. Please set XRES(X 
resolution) to in 8 byte units when using this command. 


Commands: 
TopLeft Starts BitBlt transfer from top left coordinates. 
TopRight Starts BitBlt transfer from top right coordinates. 
BottomLeft Starts BitBlt transfer from bottom left coordinates. 
BottomRight Starts BitBlt transfer from bottom right coordinates. 


BltCopyAlternateP (Format5) 


31 24 23 16 15 0 
BltCopyAlternateP 
SADDR 


DADDR 


DRXs 
BRsizeX 


The BltCopyAlternateP command copies rectangle between two separate drawing frames. 
Please set XRES(X resolution) to in 8 byte units when using this command. 
And please set SSitride and DSiride to in 8 byte units. 


Command: 
TopLeft Starts BitBlt transfer from top left coordinates. 
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BltCopyAltAlphaBlendP (Formats) 
31 24 23 16 15 0 
PO SStride 


SStride 
SRYs SRXs 


BlendStride 
BlendRYs BlendRXs 


The BltCopyAltAlphaBlendP command performs alpha blending for the source (specified using 
SADDR, SStride, SRXs, SRXy) and the alpha map (specified using ABR (alpha base address), 
BlendStride, BlendRXs, BlendRYs) and then copies the result of the alpha blending to the destination 
(specified using FBR (frame buffer base address), XRES (X resolution), DRXs, and DRYs). 

Please set XRES(X resolution) to in 8 byte units when using this command. 


And please set SStride and BlendStride to in 8 byte units. 


Command: 
reserved Set 0000_0000 to maintain future compatibility. 
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11 REGISTER 


11.1 Register List | 


11.1.1 Host interface register list 


Base = HostBase 


ofset [of lolol ele blob [foe fol bE EEE DE 


010 < 
& 
DRQ 
018 a 
a 
IST 
020 
IST 
IMASK 
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11.1.2 Graphics memory interface register list 


Base = HostBase 


Offset 31 90] 29] 26 27] 26] 25] 24 2a{ 22{ 21 | 20 19] 18] 17] 16 15] 14f 13] 12 fro of 8 7Le[s}a afetrfo 


FFFC 
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11.1.3 Display controller register list 


Base = DisplayBase 


ee ee ed 


DCE (Display Controller Enable) DCM (Display Control Mode) 


DCEE (Display Controller Extend Enable) DCEM(Display Control Extend Mode) 
100 Zz wl) wl wl] w] wl] w] Go} ww] uw} a} yy} > 
6 | | | | | | 3] =} 3) 8) 3] S16 SC Hy) Bl a} Q} 6} @} syne 


5 g 
oo [tL | wrpcitotariets) | | | ET | 
coe | [Lae wr Dinay Boundany | [| | [Horley Pero) 
coc | | | _vsw sw |_| [|_| ASP ti syne puse Posion) 


LOM (LO Mode) 


020 Pa 


g] | Pi LOS (LO Width) Pi 

024 BIEL LOOA (LO Origin Address) 
028 ; | LODA (LO Display Address) 

02C LODY (LO Display Y) P| LODX (LO Display X) 


LOEM (LO Extend Mode) 


LOH (LO Height) 


110 


LOWP 


LOEC LOPB 


114 LOWY (LO Window Y) Raga LOWX (LO Window X) 
118 LOWH (LO Window Height) Riga LOWW (LO Window Width) 


L1M (L1 Mode) 
L1S (L1 Width) 


034 ze L1DA (L1 Display Address) 
L1EM (L1 Extend Mode) 


030 


LIC 
LIYC 
LiCS 
L1IM 


120 
LIEC L1PB 

aag L2M (L2 Mode) 
en fi | L2S (L2 Width) fi | L2H (L2 Height) 

044 | | L20A0 (L2 Origin Address 0) 

048 aa L2DAO (L2 Display Address 0) 

oc] iii | i L2OA1 (L2 Origin Address 1) 

050 re L2DA1 (L2 Display Address 1 


) 
054 | i i} L2DY (L2 Display Y) Esra L2DxX (L2 Display X) 


L2EM (L2 Extend Mode) 


130 ob 
L2EC i iodo L2PB i 


134 L2WY (L2 Window Y) aa L2WX (L2 Window X) 
i3a. | | [| L2WH (L2 Window Height) L2WW (L2 Window Width) 
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Offset | 31i30i 294 28| 271 264 25$24| 234 20 21/20] 194 18 174 16| 15$ 14: 13412| 11/10 9$8| 7isisia|si2itio 


L3M (L3 Mode) 
L3S (L3 Width) L3H (L3 Height) 
L3DA0 (L3 Display Address 0) 
L30A1 (L3 Origin Address 1) 
068 | L3DA1 (L3 Display Address 1) 
occ | | | | L3DY (L3 Display Y) Ree L3DX (L3 Display X) 
L3EM (L3 Extend Mode) 


140 


L30M 
L3WP 


L3EC L3PB 


144] i tt L3WY (L3 Window Y) Eeee L3WX (L3 Window X) 
14g | bod | L3WH (L3 Window Height) Ee L3WW (L3 Window Width) 
L4M (L4 Mode) 

S| vaFp L4S (L4 Width) L4H (L4 Height) 
o4 | | | tt | L4OA0 (L4 Origin Address 0) 
078 ERGER L4DAO (L4 Display Address 0) 
oo | | |] | 
080 fled LADAt (L4 Display Address 1) 


084 LADY (L4 Display Y) Ree L4DX (L4 Display X) 


L4EM (L4 Extend Mode) 


070 


150 
L4EC 


154 | i Et L4WY (L4 Window Y) EGeag L4WxX (L4 Window X) 


L4OM 
L4wP 


158 L4WH (L4 Window Height) PE dd | L4WW (L4 Window Width) 
L5M (L5 Mode) 
os8 fo 
Bie PT | L5S (L5 Width) fT | L5H (L5 Height) 
ogc aa L5OA0 (L5 Origin Address 0) 
090 aa L5DAO (LS Display Address 0) 
094 aa L5OA1 (L5 Origin Address 1) 


098 fates L5DA1 (L5 Display Address 1) 
09C L5DY (L5 Display Y) PTT [| L5x (L5 Display X) 


L5EM (L5 Extend Mode) 


160 


L50M 
L5WP 


L5EC 


14 | iii L5WY (L5 Window Y) Pid | L5WX (L5 Window X) 
1o8 | i i} L5WH (L5WindowHeight) | } i i | L5WW (L5 Window Width) 
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Offset | 31i30i 29! 28| 27/264 25$24| 234 204 21!20| 194 181174 16| 154141 13412| 11;10f 9§ 8] 7iGi5i4| 3: 2:14 0 


CUTC (Cursor Transparent Control) 


CUOAO0 (CUrsor0 Origin Address) 
CUY0 (Cursor0 Position Y) aaa CUXO0 (Cursor0 Position X) 
CUOAY1 (CUrsor1 Origin Address) 
CUY1 (Cursor1 Position Y) CUX1 (Cursor1 Position X) 
DLS (Display Layer Select) 


DLS4 DLS3 DLS2 DLS1 


DBGC (Display Back Ground Color) 


LO Blend 


LOBLD 


LOBP | 


( 
ca 
S 


LiBE | ~ 
LIBP |— 


= 
ye) 


L2BE | ~ 
L2BP |— 


© 
ee 
@ 
=) 
a 


L3BE | ~ 
L3BS 
L3BP |— 


nN 
@ 
() 
Ss 
[om 


L4BS 
— | Lapp] — 


L5BE | ~ | L4BE] ~ 
T_ 
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Offset i30}29}28| 27} 26f25f24| o3f2ofo1i20| 194184174 16] 15i14fisi12|/11f10f 9s |7ieisi4a|st2i1io 
LOTC (LO Transparent Control) 
LOTC (LO Transparent Color) 
L2TR (L2 Transparent Control) L8TR (L3 Transparent Control) 
S L2TC (L2 Transparent Color) s L3TR (L3 Transparent Color) 
LOTEC (LO Extend Transparency Control) 
a a LOETC (LO Extend Transparent Color) 
L1TEC (L1 Transparent Extend Control) 
ue a L1ETC (L1 Extend Transparent Color) 
L2TEC (L2 Transparent Extend Control) 
ve 8 L2ETC (L2 Extend Transparent Color) 
L38TEC (L3 Transparent Extend Control) 
a 5 | | | | | L3ETC (L3 Extend Transparent Color) 
L4ETC (L4 Extend Transparent Control) 
-— a L4ETC (L4 Extend Transparent Color) 
L5ETC (L5 Extend Transparent Control) 
is 5 L5ETC (L5 Extend Transparent Color) 


MB86294/ 294S CORAL_LB 
Graphics Controller 142 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


Offset | 31{30i 29! 28| 271264 2524] 234 20% 211 20| 19f 181174 16| 154144 13% 12; 11f10$ 948| 7$6i5:4|3i2:1:0 
LOPALO 


ATT a ETE ee 


LOPAL1 


LOPAL255 


L1PALO 


ATi Tit} orm UG] es FG 


L1PAL1 


L1PAL255 
L2PALO 


JERR EE eee ee ee ee eee 


L2PAL1 


L2PAL255 
L3PALO 


JRE RE SE 0 ee ee ee Eee ee 2 


L3PAL1 


L3PAL255 


MB86294/ 294S CORAL_LB 
Graphics Controller 143 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


11.1.4 Video Capture register list 


Base = CaptureBase 


VCM (Video Capture Mode) 


CSC(Capture SCale) 
VSCF HSCI 
VCS(Video Capture Status) 


CBM(Capture Buffer Mode) 
CBW 
CBOA(Capture Bauffer Origin Address) 
CBOA 
CBLA(Capture Buffer Limit Address) 
CBLA 


P] | [ CIVSTR PT | | td CIHSTR 


CIVEND CIHEND 


CHP(Capture Horizontal Pixel) 


CVP(Capture Vertical Pixel) 


over eae 


CLPF(Capture Low Pass Filter) 
| | cHtpr | | | { | 


CDCN(Capture Data Count for NTSC) 
wow | TELL 
CDCP(Capture Data Count for PAL) 
BDCP 
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11.1.5 Drawing engine register list 


The parenthesized value in the Offset field denotes the absolute address used by the SetRegister 
command. 


Base = DrawBase 


Offset | 3113029} 28] 27/26] 25124] 23} 22121120] 19fisti7t16| 1514413412] 11110) 918] 7fetst4]3}2t1f0 
000 Ys 

(000) |s|/s| sis Int Frac 
004 Xs 

(001) |}s|]s|]s]s Int Frac 
008 dXdy 

(002) |s|s}s|s Int Frac 
00C XUs 

(003) | s|s| sis Int Frac 
010 dXUdy 

(004) |s]s|]s]s Int Frac 
014 XLs 

(005) | s| s} s]s Int Frac 
018 dXLdy 

(006) | s| s} Ss] s Int Frac 
01C USN 

(007) | o]o]o]o Int 0 
020 LSN 

(008) | o}o]o0]}0 Int 0 
040 Rs 

(010) |}o}Jojojo]o}o}o]o Int Frac 
044 dRdx 

(011) |s|]s}|s}]s]s]s]s]s Int Frac 
048 dRdy 

(012) |s|]s|s/s]s/s]s]s Int Frac 
04C Gs 

(013) J}o/o;o}o;lo]ojojo Int Frac 
050 dGdx 

(014) |s|]s|s}]s]s]s]s]s Int Frac 
054 dGdy 

(015) | s/s} s]s]|sis]s]s Int Frac 
058 Bs 

(016) |o]o}o};o;o}o]ojo Int Frac 
05C dBdx 

(017) |s|s]s]s}|s]s]s|s Int Frac 
060 dBdy 

(018) |s|s|]s]s]s]s]s]s Int Frac 
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080 Zs 
(020) Io Int Frac 
(021) Is Int Frac 
(022) I's Int Frac 
oco Ss 
(030) |s|]s]s Int Frac 
0C4 dSdx 


LYs 


144 LXs 

(051) | s|s}s]s Int Frac 

148 LXde 
s}|s}|s|s]s|s]s]s|s]s|]s]s]s[s]s]= Frac 


150 LYde 


s|s|s}|s]s{|s|s]s}|s]s]s]s]|s]s]s]& 


Frac 
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180 
(060) 
184 
(061) 
188 
(062) 
200 
(080) 
204 
(081) 
208 
(082) 


20C 
(083) 


Offset 31} 30} 29] 28 27} 26f 25| 24 as} 20f o1f 20 19118117] 16 15] 141 101 12 riftol ots vlels|a at ol 1 | 0 
PXdc 
0|0]0]0 Int 0 
PYdc 
0|0]0]0 Int 0 
PZdc 
0 Int 0 
RXs 
0|0]0]0 Int 0 
RYs 
0|o0]0]0 Int 0 
Rsizex 
ofofo|o| Int | 0 
RsizeY 
0|o0]0]}0 Int 0 
SADDR 
o}o]o}]o}o}ojo Address 
SStride 
0|0]0]0 Int 0 
SRXs 
0|o0]0]}0 Int 0 
SRYs 
0|0]0]0 Int 0 
DADDR 
o/o;o}o}o}ojo Address 
DStride 
0|o0]0]0 Int 0 
DRXs 
0|o0]0]}0 Int 0 
DRYs 
0|0]0]0 Int 0 
BRsizex 
0|o0]0]0 Int 0 
BRsizeY 
0|o0]0]0 Int 0 
TColor 
0 Color 
PNBPI 
PN 
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og 31 20| 28| 28 274264 25} 24] 23 zal at 20 194 18] 17] 1 15 tal 19 12] 11 10| als 7,67, 5—4]/ 37247170 
3E0 BLPO 

Cc ee 
400 CTR 

(100) 2] #| 8 FCNT rr rd ss DS PS 
404 IFSR 

(-) S) | 
408 IFCNT 

(-) FCNT 

40C SST 

(-) ss 
410 DS 

a DS 
414 PST 

(>) PS 
418 EST 

(-) @| CE 
420 MDRO 


MDR1/MDR1S/MDR1B 


MDR2/MDR2S/MDR2TL 


LOG BM 
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Offset 31} 30} 29] 28 27} 26} 25] 24 as} 20f o1f 20 19118117116 15] 141 101 12 riftol ots vlels|a at ol 1 | 0 


440 
(110) 
444 
(111) 
448 
(112) 
44C 
(113) 
450 
(114) 
454 
(115) 
458 
(116) 
45C 
(117) 
460 
(118) 
464 
(119) 
468 
(11a) 
46C 
(11b) 
470 
(11C) 
474 
(11D) 
480 
(120) 
484 
(121) 
488 


FBR 
FBASE 
XRES 
XRES 
ZBR 
ZBASE 
TBR 


TBASE 
PFBR 
PFBASE 
CXMIN 


PLT TTT TET TTT TT ETT Tey OLIPXMIN 
AX —CSC‘CizC 


CLIPXMAX 
CYMIN 

CLIPYMIN 
CYMAX 


CLIPYMAX 
TXS 
TXSN TXSM 
TIS 
TISN TISM 
TOA 
XBO 
SHO 
SHOFFS 
ABR 
ABASE 
FC 
FGC8/16 
BC 
BGC8/16 
ALF 


BC8/16 
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Offset 31} 30} 291 28 27} 26425424] 23f22to1t2o|19fistii7itel isii4tisii2iiitiolots|7ieisi4}3i2ti1io 
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11.1.6 Geometry engine register list 


The parenthesized value in the Offset field denotes the absolute address used by the SetRegisier 
command. 


Base = GeometryBase 


31 30] 29] 26 27| 26] 25] 24 2a| 22] 21] 20 19| 18] 17] 16 15] 14] 19] 12 fro] 9} 8 7[o[s]4 3] 2| 1 | 0 


Offset 


GCTR 


FO 
FE 


GS SS PS 


NF 
FF 


FONT 


GMDRO 


GMDR1 


BO 
P 
A 


GMDR1E 


GMDR2 
e| | 8 

GMDR2E 
e} | 8 e} [8 

DFIFOG 
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11.2 Explanation of Register | 


Terms appeared in this chapter are explained below: 


1. Register address 
Indicates address of register 
2. Bit number 
Indicates bit number 
3. Bit field name 
Indicates name of each bit field included in register 
4. RW 
Indicates access attribute (read/write) of each field 
Each symbol shown in this section denotes the following: 


RO “0” always read at read. Write access is Don’t care. 
WO Only “0” can be written. 

R Read enabled 

WwW Write enabled 

RX — Read enabled (read values undefined) 

RW Read and write enabled 

RWO Read and write 0 enabled 


5. Initial value 
Indicates initial value of immediately before the reset of each bit field. 
6. Handling of reserved bits 
“0” is recommended for the write value so that compatibility can be maintained with future products. 
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11.2.1 Host interface registers 


DTC (DMA Transfer Count) 


HostBaseAddress + 00H 
address 


Bit number _|/31 130129128127126125124 [2312212112011 911 BH 7H SS 4 SQN 1019 1B t7 1615144131241 10 


Bitfieldnamel| Reseed | TE 
Pp RW RO 
Initialvalue | otc 


DTC is a readable/writable 32-bit register which sets the transfer count in either one long-word (2 bits) or 
32 bytes units. When “th’ is set transfer is performed once. However, when “Oh” is set, it indicates the 
maximum transfer count and 16M (16,777,216) data are transferred. During DMA transfer, the remaining 
transfer count is shown, therefore, the register value cannot be overwritten until DMA transfer is 
completed. 


Note: This register need not be set in a mode in which Dual DMA ACK is not used, or the V832 mode. 


DSU (DMA Set Up) 


Register HostBaseAddress + 04H 
address 


PTL a ee ee, ee ee (es ee ee ee 
oO 


R/W 


RO RW RW RW 
po 


BitO ©DW (DMA Word) 
Specifies DMA transfer count 
0: 1-double word (32 bits) per DMA transfer 
1: 8-double words (32 bytes) per DMA transfer (only SH4) 
Bit1 | DBM (DMA Bus request Mode) 
Selects DREQ mode used in DMA transfer in dual-address mode 
0: DREQ is not negated during DMA transfer irrespective of cycle steal or burst mode. 


1: | DREQ is negated irrespective of cycle steal or burst mode when CORAL cannot receive 
data (that is, when Ready cannot be returned immediately). When CORAL is ready to 
receive data, DREQ is reasserted (When DMA transfer is performed in the single-address 
mode, DREQ is controlled automatically). 


Bit2 DAM (DMA Address Mode) 
Selects DMA address mode in issuing external request 
0: Dual address mode 
1: Single address mode (SH4 only) 


Bit3 DNA (Dual address No Ack mode) 
This bit is selected when using the dual-address-mode DMA that does not use the ACK signal. 


0: | Uses dual-address-mode DMA that uses ordinary ACK signal 


1: Uses dual-address-mode DMA that does not use ACK signal 


Detection of the DREQ edge is supported; DREQ is negated per transfer. When data 
cannot be received irrespective of the Bit1 setting, DREQ continues being negated. 
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DRM (DMA Request Mask) 
Register 
address 


HostBaseAddress + 05H 


This register enables the DMA request. Setting “1” to this register to temporarily stop the DMA 
request from the CORAL. The external request is enabled by setting “O” to this register. 


DST (DMA STatus) 


This register indicates the DMA transfer status. DST is set to “1” during DMA transfer. This state is 
cleared to “O” when the DMA transfer is completed. 


DTS (DMA Transfer Stop) 


This register suspends DMA transfer. 
An ongoing DMA transfer is suspended by setting DTS to “1”. 


In the dual-address without ACK mode, to end the DMA transfer, write “1” to this register after CPU 
DMA transfer. 


LTS (display Transfer Stop) 
Register 
address 


Initial value 


HostBaseAddress + 09H 


This register suspends DisplayList transfer. 
Ongoing DisplayList transfer is suspended by setting LTS to “1”. 
LSTA (displayList transfer STAtus) 


Register 
address 


HostBaseAddress + 10H 


Bit field name 
Initial value 


This register indicates the DisplayList transfer status from Graphics Memory. LSTA is set to “1” while 
DisplayList transfer is in progress. This status is cleared to 0 when DisplayList transfer is completed 
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DRQ (DMA ReQquest) 
Register 
address 


Bit number 7 6 5 4 3 2 1 


Initial value 


HostBaseAddress + 18H 


Reserved 


This register starts sending external DMA request. 


DMA transfer using the external request handshake is triggered by setting DRQ to “1”. The external 
DREQ signal cannot be issued when DMA is masked by the DRM register. This register cannot be 
written “O”. When DMA transfer is completed, this status is cleared to “0”. 


IST (Interrupt STatus) 


Bit number 


Bit field name 


R/W 


rowof ROC RW_[ RO 
ee 


Initialvalue | 


This register indicates the current interrupt status. It shows that an interrupt request is issued when 
“1” is set to this register. The interrupt status is cleared by writing “O” to this register. 


Bit 0 


Bit 1 


Bit 2 


Bit 3 


Bit 4 


Bit 17 and 16 


CERR (Command Error Flag) 
Indicates drawing command execution error interrupt 


CEND (Command END) 
Indicates drawing command end interrupt 


VSYNC (Vertical Sync.) 

Indicates vertical interrupt synchronization 
FSYNC (Frame Sync.) 

Indicates frame synchronization interrupt 
SYNCERR (Sync. Error) 

Indicates external synchronization error interrupt 
Reserved 

This field is provided for testing. 


Normally, the read value is “O”, but note that it may be “1” when a drawing command 
error (Bit 0) has occurred. 
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IMASK (Interrupt MASK) 
Register 
address 

Bit number _|[31 {3029128127 l26125124fa3}22101 20119118 1H4Hsh2ihololsi7ie{5 


Bit field name IMASK | IMASK 


HostBaseAddress + 24H 


Ee 2 | ee 


This register masks interrupt requests. Even when the interrupt request is issued for the bit to which 
“0” is written, interrupt signal is not asserted for CPU. 


Bit 0 CERRM (Command Error Interrupt Mask) 
Masks drawing command execution error interrupt 
Bit 1 CENDM (Command Interrupt Mask) 
Masks drawing command end interrupt 
Bit 2 VSYNCM (Vertical Sync. Interrupt Mask) 
Masks vertical synchronization interrupt 
Bit 3 FSYNCH (Frame Sync. Interrupt Mask) 
Masks frame synchronization interrupt 
Bit 4 SYNCERRM (Sync Error Mask) 


Masks external synchronization error interrupt 


SRST (Software ReSeT) 
Register 
address 


HostBaseAddress + 2CH 


This register controls software reset. When “1” is set to this register, a software reset is performed. 
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LSA (displayList Source Address) 
Register 


HostBaseAddress + 40H 
address 


Bit number 31 130129128127126125124|23122121 20198 76M S413 21098 ir 7 tO 1514 tort 10 


Bit field name LSA 


RW RO 
[iniialvalue | Pi onttcare 
This register sets the DisplayList transfer source address. When DisplayList is transferred from 
Graphics Memory, set the transfer start address of DisplayList stored in Graphics Memory. Since the 
lower two bits of this register are always treated as “0”, DisplayList must be 4-byte aligned. The 

values set at this register do not change during or after transfer. 


LCO (displayList Count) 


eget HostBaseAddress + 44H 
address 


| Bit number_|[31|s0j29}28}27}26|25]24|23}22)21 |20}19}18} 
a A 
Don't care 


This register sets the DisplayList transfer count. Set the display list transfer count by the long word. 
When “th” is set, 1-word data is transferred. When “0” is set, it is considered to be the maximum 


count and 16M (16,777,216) words of data are transferred. The values set at this register do not 
change during or after transfer. 


LREQ (displayList transfer REQuest) 


Ruler HostBaseAddress + 48H 
address 


| Bitnumber | 7 {| 6 | 5 {| 4 | 3 | 2 | oa 


Bit field name 
RW1 


er 
This register triggers DisplayList transfer from the Graphics Memory. Transfer is started by setting 


LREQ to “1”. The DisplayList is transferred from the Graphics Memory to the internal display list FIFO. 
Access to the display list FIFO by the CPU or DMA is disabled during transfer. 
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RSW (Register location Switch) 


Register HostBaseAddress + 5Cy 
address 


poz fo 6 fos [4 js fia fa fo 
Bit field name 


a a 
Intialvalue [oO 

In SH3 or SH4 mode, set this register when moving the register area from the center (1FC0000) to the end of the 

CORAL area (8FC0000). This move can be performed when “1” is written to this register. 


Set this register at the first access after reset. Access CORAL after about 20 bus clocks after setting the register. 
CID (Chip ID register) 
Register 


address 
Bit number 1131130129128127 126125124 23122121 12011911811 7116H OHI 441 SQ 1HOLO TS i716 15144 sr2n1 tO 


HostBaseAddress + f0y 


Bit field name Reserved 


| 
po HGH S| 


This is the chip identification register. 


Bit 7 to 0 VER (VERsion) 


This field indicates the chip’s unique version number. Note that the unique version 
number for the ES version and that of the mass-produced version are different. 


0000_0000 ES 

0000_0001 Reserved 
0000_0010 Reserved for LQ 
0000_0011 Reserved for LB 


others Reserved 


Bit15to 8 CN (Chip Name) 
This field indicates the chip name. 
0000_0000 Reserved 
0000_0001 Reserved 
0000_0010 Reserved 
0000_0011 CORAL 


others Reserved 
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CCF (Change of Clock Frequency) 
Register 


address HostBaseAddress + 381 


Bit number _|[31130129128127 126125124 /23122121 1201911 8i1 7654S 2101987 tO rb r4 tort 10 


Initialvalue | 00 | 000 


This register changes the operating frequency. 


Bit19and18 CGE (Clock select for Geometry Engine) 
Selects the clock for the geometry engine 


11 Reserved 


10 166 MHz 
01 133 MHz 
00 100 MHz 


Bit17 and16 COT (Clock select for the others except-geometry engine) 
Selects the clock for other than the geometry engine 
11 Reserved 
10 Reserved 
01 133 MHz 
00 100 MHz 


Notes: 
1. Write “O” to the bit field other than the above ([31:20], [15:00)). 
2. Operation is not assured when the clock setting relationship is CGE < COT. 
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11.2.2 Graphics memory interface registers 


MMR (Memory I/F Mode Register) 


Register HostBaseAddress + FFFCy 
address 


Bit number _|[31130129128127 126125124 (2312212 112011911811 7116115114113 211111019 FB 7 161514431201 10 


[-t}ws|Reserved|1[+1|TRRD| TRC | TRP| Tras [TRCD|Lowo| ATS | RAW Jew] cL __| 


[0] Joontcare] 1 }o] oo | 0000 | 00 | 000 | 


*1: Reserved 


ae eS ee ee 
| 000 | ooo [o] ooo | 


This register sets the mode of the graphics memory interface. A value must be written to this register 
after a reset. (When default setting is performed, a value must also be written to this register.) Only 
write once to this register; do not change the written value during operation. 


This register is not initialized at a software reset. 


Bit 2 to 0 CL (CAS Latency) 


Sets the CAS latency. Write the same value as this field, to the mode register for 


SDRAM 
011 CL3 
010 CL2 
Other than Setting disabled 
the above 
Bit 3 ASW (Attached SDRAM bit Width) 
Sets the bit width of the data bus (memory bus width mode) 
1 64 bit 
0 32 bit 


Bit 6 to 4 SAW (SDRAM Address Width) 
Sets the bit width of the SDRAM address 


001 15 bit BANK 2 bit ROW 13 bit COL 9 bit SDRAM 
111 14 bit BANK 2 bit ROW 12 bit COL 9 bit SDRAM 
110 14 bit BANK 2 bit ROW 12 bit COL 8 bit SDRAM 
101 13 bit BANK 2 bit ROW 11 bit COL 8 bit SDRAM 
100 12 bit BANK 1 bit ROW 11 bit COL 8 bit FCRAM 
000 14 bit BANK 2 bit ROW 12 bit COL 8 bit SDRAM 
Other than Setting disabled 

the above 


Bit 9 to 7 RTS (Refresh Timing Setting) 
Sets the refresh interval 
000 Refresh is performed every 384 internal clocks. 
111 Refresh is performed every 1552 internal clocks. 


001t0 110 Refresh is performed every ‘64 x n’ internal clocks in the 64 to 384 range. 
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Bit 11 and 10 


Bit 13 and 12 


Bit 16 to 14 


Bit 18 and 17 


Bit 22 to 19 


LOWD 

Sets the count of clocks secured for the period from the instant the ending data is 
output to the instant the write command is issued. 

10 2 clocks 

00 2 clocks 

Other than Setting disabled 

the above 

TRCD 

Sets the wait time secured from the bank active to CAS. The clock count is used to 
express the wait time. 

11 3 clocks 

10 2 clocks 

01 1 clock 

00 0 clock 

TRAS 

Sets the minimum time for 1 bank active. The clock count is used to express the 
minimum time. 

111 7 clocks 

110 6 clocks 

101 5 clocks 

100 4 clocks 

011 3 clocks 

010 2 clocks 

Other than Setting disabled 

the above 

TRP 

Sets the wait time secured from the pre-charge to the bank active. The clock count is 
used to express the wait time. 

11 3 clocks 

10 2 clocks 

01 1 clock 

TRC 


This field sets the wait time secured from the refresh to the bank active. The clock 


count is used to express the wait time. 


1010 10 clocks 
1001 9 clocks 
1000 8 clocks 
0111 7 clocks 
0110 6 clocks 
0101 5 clocks 
0100 4 clocks 
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Bit 24 and 23 


Bit 26 


Bit 30 


0011 3 clocks 

Other than Setting disabled 
the above 

TRRD 


Sets the wait time secured from the bank active to the next bank active. The clock 
count is used to express the wait time. 


11 3 clocks 
10 2 clocks 
Reserved 


Always write “O” at write. 


“1” is always read at read. 


TWR 


Sets the write recovery time (the time from the write command to the read or to the 
pre-charge command). 


1 2 clocks 
0 1 clock 
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Display control register 


DCM (Display Control Mode) / DCEM (Display Control Extend Mode) 


Register 
address 


Bit number 


Bit field name 


Initial value 


This register controls the display count mode. It is not initialized by a software reset. 


mapped to two addresses. 


DisplayBaseAddress + 00, (DisplayBaseAddress + 1001) 


115/14] 13 | ii} autiolests|7{el/si4/ 32 | 


| RW 


RW 


01110 (DCM) . 
11101 (DCEM) 


division rate setting (SC). 


Bit 1 to 0 


Bit 2 


Bit 3 


Bit 7 


Bit 13 to 8 


SYNC (Synchronize) 
Set synchronization mode 
XO _-Non-interlace mode 
10 = Interlace mode 


11. Interlace video mode 


ESY (External Synchronize) 
Sets external synchronization mode 
0: External synchronization disabled 


1: External synchronization enabled 


SF (Synchronize signal format) 
Sets format of synchronization (VSYNC, HSYNC) signals 
0: Negative logic 


1: — Positive logic 


EEQ (Enable Equalizing pulse) 

Sets CCYNC signal mode 

0: Does not insert equalizing pulse into CCYNC signal 
1: Inserts equalizing pulse into CCYNC signal 


SC (Scaling) 

Divides display reference clock by the preset ratio to generate dot clock 

Offset = 0 Offset = 100H 

x00000 Frequency not divided 000000 ~=—~ Frequency not divided 


This register is 


The difference between the two registers is the format of the frequency 


x00001 Frequency division rate = 1/4 000001 Frequency division rate = 1/2 


x00010 Frequency division rate = 1/6 000010 Frequency division rate = 1/3 


X00011 Frequency division rate = 1/8 000011 Frequency division rate = 1/4 


x11111. Frequency division rate= 1/64 111111 Frequency division rate = 1/64 


MB86294/ 2945 CORAL_LB 


Graphics Control] 


er 163 


Specifications Rev. 1.2 


FUJITSU LIMITED 

PRELIMINARY and CONFIDENTIAL 
When nis set, with Offset = 0, the frequency division rate is 1/(2n + 2). 
When m is set, with Offset = 100h, the frequency division rate is 1/(m + 1). 


Basically, these are setting parameters with the same function (2n + 2 =m + 1). 
Because of this, m = 2n + 1 is established. When nis set to the SC field with Offset = 0, 
2n +1 is reflected with Offset = 100h. 


Also, when PLL is selected as the reference clock, frequency division rates 1/1 to 1/5 are 
non-functional even when set; other frequency division rates are assigned. 


Bit 15 CKS (Clock Source) 
Selects reference clock 
0: Internal PLL output clock 
1: DCLKI input 
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DCE (Display Controller Enable) 
Register 
address 


14 6{/s]4/3]2 {io 


DisplayBaseAddress + 024 


pRW PR | Ww | RW | RW I 
Ee a 


This register controls enabling the video signal output and display of each layer. Layer enabling is 
specified in four-layer units to maintain backward compatibility with previous products. 


Bit 0 LOE (LO layer Enable) 


Enables display of the LO layer. The LO layer corresponds to the C layer for previous 
products. 


0: Does not display LO layer 
1: Displays LO layer 


Bit 1 L1E (L1 layer Enable) 


Enables display of the L1 layer. The L1 layer corresponds to the W layer for previous 
products. 


0: Does not display L1 layer 
1: Displays L1 layer 


Bit 2 L23E (L2 & L3 layer Enable) 


Enables simultaneous display of the L2 and L3 layers. These layers correspond to the M 
layer for previous products. 


0: Does not display L2 and L3 layer 
1: Displays L2 and L3 layer 


Bit 3 L45E (L4 & L5 layer Enable) 


Enables simultaneous display of the L4 and L5 layers. These layers correspond to the B 
layer for previous products. 


0: Does not display L4 and L5 layer 
1: Displays L4 and L5 layer 


Bit 15 DEN (Display Enable) 
Enables display 
0: Does not output display signal 


1: Outputs display signal 
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DCEE (Display Controller Extend Enable) 
Register 
address 


| 
Bit field name 


DisplayBaseAddress + 1024 


Initial value 


This register controls enabling the video signal output and display of each layer. This register has the 
same function as DCE. 


Bit 0 LOE (LO layer Enable) 
Enables LO layer display 
0: Does not display LO layer 
1: Displays LO layer 


Bit 1 L1E (L1 layer Enable) 
Enables L1 layer display 
0: Does not display L1 layer 
1: Displays L1 layer 


Bit 2 L2E (L2 layer Enable) 
Enables L2 layer display 
0: Does not display L2 layer 
1: Displays L2 layer 


Bit 3 L3E (L3 layer Enable) 
Enables L3 layer display 
0: Does not display L3 layer 
1: Displays L3 layer 


Bit 4 L4E (L4 layer Enable) 
Enables L4 layer display 
0: Does not display L4 layer 
Ae Displays L4 layer 


Bit 5 L5E (L5 layer Enable) 
Enables L5 layer display 
0: Does not display L5 layer 
1: Displays L5 layer 


Bit 15 DEN (Display Enable) 
Enables display 
0: Does not output display signal 


ae Outputs display signal 
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HTP (Horizontal Total Pixels) 
Register 
address 


| Bitnumber || 15 | 14 1 13 | 12 Le? 


DisplayBaseAddress + 06H 

+615 14 43 72 41 «4 :~0 
Bit field name Reserved 
| eG | 
Initialvalue Ponte 


This register controls the horizontal total pixel count. Setting value + 1 is the total pixel count. 


HDP (Horizontal Display Period) 
Register 
address 

Bitnumber || 15 | 14 1 13 | 12 
| RW RO RW 
| Initialvaue [Ponta 
This register controls the total horizontal display period in unit of pixel clocks. Setting value + 1 is the 
pixel count for the display period. 


DisplayBaseAddress + 08H 


HDB (Horizontal Display Boundary) 
Register 
address 
| RW RO 
a 


Initial value 


Don’t care 


This register controls the display period of the left part of the window in unit of pixel clocks. Setting 
value + 1 is the pixel count for the display period of the left part of the window. When the window is 
not divided into right and left before display, set the same value as HDP. 


HSP (Horizontal Synchronize pulse Position) 

Register 

address 
RS ( 
Po otc 
This register controls the pulse position of the horizontal synchronization signal in unit of pixel clocks. 


When the clock count since the start of the display period reaches setting value + 1, the horizontal 
synchronization signal is asserted. 


Initial value 


HSW (Horizontal Synchronize pulse Width) 
Register 
address 


Bit field name 
RW 
This register controls the pulse width of the horizontal synchronization signal in unit of pixel clocks. 
Setting value + 1 is the pulse width clock count. 
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VSW (Vertical Synchronize pulse Width) 
Register 
address 


5 4 3 2 1 0 
Bit field name 


DisplayBaseAddress + OF 


| RW | RO RW 

| Initialvalue PoP otcarre 
This register controls the pulse width of vertical synchronization signal in unit of raster. Setting value 
+ 1 is the pulse width raster count. 


VTR (Vertical Total Rasters) 


 Bitnumber | is] i4]isiiiu{opelsel7te,[s]4]s}Je],i]o 

Reserved 
This register controls the vertical total raster count. Setting value + 1 is the total raster count. For 
the interlace display, Setting value + 1.5 is the total raster count for 1 field; 2 x setting value + 3 is the 
total raster count for 1 frame (see Section 8.3.2). 


VSP (Vertical Synchronize pulse Position) 
Register 
address 
Leo? fete ft 4 ies acl @ 
VSP 
a a (es 
Initialvalue | OE onttcare 
This register controls the pulse position of vertical synchronization signal in unit of raster. The vertical 
synchronization pulse is asserted starting at the setting value + 1st raster relative to the display start 
raster. 


VDP (Vertical Display Period) 
Register 
address 


| Bitnumber || 15 | 14 | 13 $ 12 P7E6ES5 $4373 241 4 0 


Bit field name 
PRO 


Initial value 


WwW 


This register controls the vertical display period in unit of raster. Setting value + 1 is the count of 
raster to be displayed. 
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LOM (LO layer Mode) 
Register 
address 

| Bit number ||31/30429|28}27}26}25}24/23}20101 fo0l1 941811 7416|15414413112|/1111019 184716151413 4211 40 


Bit field name flocfresewed Reserved | LOW | Reserved | CH 


DisplayBaseAddress + 20H 


a RO RO | RW OP 
jof o | oo | Bon'tcare | 0 | Don'tcare 


Bit 11 to 0 LOH (LO layer Height) 


Specifies the height of the logic frame of the LO layer in pixel units. Setting value + 1 is 
the height 


Bit 23 to 16 LOW (LO layer memory Width) 
Sets the memory width (stride) of the logic frame of the LO layer in 64-byte units 


Bit 31 LOC (LO layer Color mode) 
Sets the color mode for LO layer 
0 Indirect color (8 bits/pixel) mode 


1 Direct color (16 bits/pixel) mode 


LOEM (LO-layer Extended Mode) 


Register . 


Bit number rears 27126125124 123122121 12011 911841 711611511401 311 24111108 


Bit field name LOPE 


R/W 


aT SAS (a A 


Bit 0 LO WP (LO layer Window Position enable) 
Selects the display position of LO layer 
0 Compatibility mode display (C layer supported) 
1 Window display 


Bit 23 to 20 LOPB (LO layer Palette Base) 


Shows the value added to the index when subtracting palette of LO layer. 16 times of 
setting value is added. 


Bit 31 and 30 LOEC (LO layer Extended Color mode) 
Sets extended color mode for LO layer 
00 Mode determined by LOC 
01 Direct color (24 bits/pixel) mode 


1x Reserved 
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LOOA (LO layer Origin Address) 
Register 
address 


31430}29128127}26/25}24 fe3t22}2112011911811741611541441311211 141019 1847161544134 24110 
Bit field name 


DisplayBaseAddress + 24y 


| RW | RO 
| Initialvalue |} 0 

This register sets the origin address of the logic frame of the LO layer. Since lower 4 bits are fixed at 

“0”, address 16-byte-aligned. 


LODA (LO-layer oplay Address) 
address 


PRO 
Initialvalue | oP otcare 


This register sets the display origin address of the LO layer. For the direct color mode (16 bits/pixel), 
the lower 1 bit is “O”, and this address is treated as being aligned in 2 bytes. 


LODX (LO-layer Display position X) 
address 
| Bitnumber | 15 | 14 | 13 | 12{ fifo fst7{te{ts{4 {3 }2iifo | 
a a (A 
Ponte 


This register sets the display starting position (X coordinates) of the LO layer on the basis of the origin 
of the logic frame in pixels. 


LODY (LO-layer pinplay position Y) 
address 


| Bitnumber || 15 } 14 j 13 | 12 


Bit field name 
po RO 


initial value 


This register sets the display starting position (Y coordinates) of the LO layer on the basis of the origin 
of the logic frame in pixels. 
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LOWX (LO layer Window position X) 
Register 
address 

fis | 4 [13] i2}iafiwfets|7 e;s{4}3ft2 tito] 


DisplayBaseAddress + 1144 


R/W 
Initial value 


This register sets the X coordinates of the display position of the LO layer window. 


LOWY (LO layer Window position Y) 


Register ' 
DisplayBaseAddress + 1164 


Bitnumber_ || 15 | 14 [13 | 12 [11] 10] 9 | 8 {7} e}{s5{4]{3]}2}tilto 
PRO 
pO 


This register sets the Y coordinates of the display position of the LO layer window. 


LOWW (LO layer Window Width) 


Register F 
DisplayBaseAddress + 1184 


p15 | 14] iz} i2{ufiolo}stz7teoe;s}4a{3f2iifo| 
PRO 
ponte 


This register controls the horizontal direction display size (width) of the LO layer window. Do not 
specify “O”. 


LOWH (LO layer Window Height) 


Register . 
DisplayBaseAddress + 11AH 


p15 | ia {is fi} fiwofotse|7te};s{4}sa3}te2atito| 


Bit field name 
—E—— EE aa | eee 
Initialvalue [| Pinta 
This register controls the vertical direction display size (height) of the LO layer window. Setting value 
+ 1 is the height. 
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L1M (L1-layer Mode) 
Register 
address 

| Bit number |[31|30]29/28|27}26125124|23!22121 !20119118117116|15114413112/11110} --- {5}4i3}2i1to 


Bit field name 


DisplayBaseAddress + 30H 


wfrwlawlrw| RO | RW 
| Initial value [o[ojojo] oo _ Don't Care Se eee 


Bit23to 16 L1W (L1 layer memory Width) 


Sets the memory width (stride) of the logic frame of the L layer in unit of 64 bytes 


Bit 28 L1IM (L1 layer Interlace Mode) 
Sets video capture mode when L1CS in capture mode 
0: Normal mode 


1: For non-interlace display, displays captured video graphics in WEAVE mode 


For interlace and video display, buffers are managed in frame units (pair of odd 
field and even field). 


Bit 29 L1CS (L1 layer Capture Synchronize) 
Sets whether the layer is used as normal display layer or as video capture 
0: Normal mode 


1: Capture mode 


Bit 30 L1YC (L1 layer YC mode) 


Sets color format of L1 layer 
The YC mode must be set for video capture. 


0: RGB mode 
1: YC mode 


Bit 31 L1C (L1 layer Color mode) 
Sets color mode for L1 layer 


0: Indirect color (8 bits/pixel) mode 


ab Direct color (16 bits/pixel) mode 
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L1EM (L1 layer Extended Mode) 
Register 
address 


DisplayBaseAddress + 1204 


Bit 23 to 20  L1PB(L1 layer Palette Base) 


Shows the value added to the index when subtracting palette of L1 layer. 16 times of 
setting value is added. 


Bit 31 to 30 ~=L1EC (L1 layer Extended Color mode) 
Sets extended color mode for L1 layer 
00 Mode determined by LOC 
01 Direct color (24 bits/pixel) mode 


1x Reserved 


L1DA (L1 layer Display Address) 


Register F 
addres DisplayBaseAddress + 34y 


| Bit number _|[31|30}29}28}27}26|25)24 baj22}21 20] 19}18]17]16]15}14}13}12]1 fo] 9 fa} 7je}s}4j3j2} 4 jo | 


PORWR 

| Initialvaue [| oT onttcare 
This register sets the display origin address of the L1 layer. For the direct color mode (16 bits/pixel), 
the lower 1 bit is “0”, and this register is treated as being aligned in 2 bytes. Wraparound processing 
is not performed for the L1 layer, so the frame origin linear address and display position (X coordinates, 
and Y coordinates) are not specified. 


L1WX (L1 layer Window position X) 


Register . ; 
address DisplayBaseAddress + 124, (DispplayBaseAddress + 18y) 


| Bitnumber || 15 | 14 | 13 [12] 11 [ilo |st7tets}4i}3}]2iifo | 

Bit field name 

PORWR 

| Initialvalue [Pinta 
This register sets the X coordinates of the display position of the L1 layer window. This register is 


placed in two address spaces. The parenthesized address is the register address to maintain 
compatibility with previous products. The same applies to L1WY, L1WW, and L1WH. 


LiWY (L1 layer Window position Y) 


Register : ; 
address DisplayBaseAddress + 126, (DispplayBaseAddress + 1An) 


16 [14 | ta [ie | fo} oe |e] 7) at a te ao 


Bit field name 
PRO 


Initial value 


This register sets the Y coordinates of the display position of the L1 layer window. 
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L1WW (L1 layer Window Width) 
Register 
address 

fis | 4 [13] i2}iafwofets|7 ets{4}3 t2 iio] 


DisplayBaseAddress + 1284 (DispplayBaseAddress + 1Cy) 


SRW PRO 
Initialvalue | onitcare 


This register controls the horizontal direction display size (width) of the L1 layer window. Do not 
specify “O”. 


L1WH (L1 layer Window Height) 


Register 
DisplayBaseAddress + 12Ax ((DisplayBaseAddress + 1Ey) 


Bit field name 
| RW | Ro” 
Initialvalue | oC 


ae t care 


This register controls the vertical direction display size (height) of the L1 layer window. Setting value 
+ 1 is the height. 
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L2M (L2 layer Mode) 
Register 
address 

| Bitnumber ||31/30}29|281271 -— f24lastzatotiootioliali7ii16/15i14413t12|1111019 18 171615414131211 10 
| RW few Rw] RO | RW RP 


DisplayBaseAddress + 40x 


WwW RW 
Initialvalue Jo] oo | 0 | Don'tcare | oS] onttcare 


Bit 11 to 0 L2H (L2 layer Height) 


Specifies the height of the logic frame of the L2 layer in pixel units. Setting value + 1 
is the height 


Bit 23 to 16 L2W (L2 layer memory Width) 
Sets the memory width (stride) of the logic frame of the L2 layer in 64-byte units 


Bit 30 and 29 ~=L2FLP (L2 layer Flip mode) 
Sets flipping mode for L2 layer 
00 _— Displays frame 0 
01 Displays frame 1 
10 Switches frame 0 and 1 alternately for display 


11 Reserved 


Bit 31 L2C (L2 layer Color mode) 
Sets the color mode for L2 layer 
0 Indirect color (8 bits/pixel) mode 


1 Direct color (16 bits/pixel) mode 


MB86294/ 294S CORAL_LB 
Graphics Controller 175 
Specifications Rev. 1.2 


FUJITSU LIMITED 


PRELIMINARY and CONFIDENTIAL 


L2EM (L2 layer Extended Mode) 
Register 
address 


DisplayBaseAddress + 130y 


Bit 1 


Bit 23 to 20 


Bit 31 and 30 


L2 WP (L2 layer Window Position enable) 

Selects the display position of L2 layer 

0 Compatibility mode display (ML layer supported) 
1 Window display 


L2OM (L2 layer Overlay Mode) 
Selects the overlay mode for L2 layer 
0 Compatibility mode 


1 Extended mode 


L2PB (L2 layer Palette Base) 


Shows the value added to the index when subtracting palette of L2 layer. 


setting value is added. 


L2EC (L2 layer Extended Color mode) 
Sets extended color mode for L2 layer 
00 Mode determined by L2C 

01 Direct color (24 bits/pixel) mode 


1x Reserved 
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L2OA0 (L2 layer Origin Address 0) 
Register 
address 

Bit number _|[31}30}29128 {27426 [25}24fas}oziorlooltolisti7iesti4tisii2iiitoloisi7iei5444342i1 40 


Bit field name L2OA0 


DisplayBaseAddress + 444 


Q 
= 


| RO 

a 

This register sets the origin address of the logic frame of the L2 layer in frame 0. Since lower 4 bits 
are fixed to “O”, this address is 16-byte aligned. 


Initial value 


L2DA0 (L2 layer Display Address 0) 
Register 
address 

Bit number |[31!30}29128127126|25 124423122121 12011911811 7H6NSt14i1 321111101918 1716151413121110 


Bit field name 
[| RO 
a ae 
This register sets the origin address of the L2 layer in frame 0. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


DisplayBaseAddress + 481 


q 
= 


Initial value Don’t care 


L20A1 (L2 layer Origin Address 1) 
Register 
address 

Bit number _|31}30}29|28}27)26|25|24{23]22/21|20/19}18}17]16]15{14]13]12]11}10] 918 171615141342] 1 fo | 
Bit field name L20A1 
R 
Initial value 


DisplayBaseAddress + 4Cy 


This register sets the origin address of the logic frame of the L2 layer in frame 1. Since lower 4-bits 
are fixed to “0”, this address is 16-byte aligned. 


L2DA1 (L2 layer Display Address 1) 
Register 
address 

Bit number _|[31130129128127126|25124 
Bit field name 
R | RO 
Initial value a ae 
This register sets the origin address of the L2 layer in frame 1. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


DisplayBaseAddress + 50x 


Don’t care 


L2DX (L2 layer Display position X) 
Register 
address 


Bit number 15114 113 1 12 
Bit field name 


R/W 
Initial value Don’t care 


DisplayBaseAddress + 54y 


This register sets the display starting position (X coordinates) of the L2 layer on the basis of the origin 
of the logic frame in pixels. 
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L2DY (L2 layer Display position Y) 
Register 
address 

Bit number 
Bit field name 
RW RO 
a ce 


Initial value 


DisplayBaseAddress + 56H 


Don’t care 


This register sets the display starting position (Y coordinates) of the L2 layer on the basis of the origin 
of the logic frame in pixels. 


L2WxX (L2 layer Window position X) 
Register 
address 


Bitnumber || 15 | 14 1 13 | 12/11/10] 9 [as | 7{>e6{[s5{]4]3{2ii1]{o | 
Bit field name L>Wx 


Initial value 


DisplayBaseAddress + 1344 


Q 
= 


This register sets the X coordinates of the display position of the L2 layer window. 


L2WY (L2 layer Window position Y) 
Register 
address 
Bit number 
Bit field name 
R/W 
Initial value 


This register sets the Y coordinates of the display position of the L2 layer window. 


L2WW (L2 layer Window Width) 
Register 
address 
Bit number 
Bit field name 


Initial value Don’t care 


Q 
= 


This register controls the horizontal direction display size (width) of the L2 layer window. Do not 
specify “O”. 


L2WH (L2 layer Window Height) 
Register 
address 


Bitnumber || 15 | 14 [13 | 12 [11 Lito} st7tets5i4{3f2iifo | 
Bit field name L2WH 


Initial value Don’t care 


DisplayBaseAddress + 13AH 


Bit field name | 


This register controls the vertical direction display size (height) of the L2 layer window. Setting value 
+ 1 is the height. 
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L3M (L3 layer Mode) 
Register 
address 

| Bitnumber  ||31/30}29|28127126125124 {23!22]21 12011911811 7116/15114113112|1111019 181716151413121110 
| RW few Ro} ROE Rw TR 


DisplayBaseAddress + 58y 


WwW RW 
Initialvalue Jo] o | =o | Don'tcare | 0 | Don'tcare 


Bit 11 to 0 L3H (L3 layer Height) 


Specifies the height of the logic frame of the L3 layer in pixel units. Setting value + 1 
is the height 


Bit 23 to 16 L3W (L3 layer memory Width) 
Sets the memory width (stride) of the logic frame of the L3 layer in 64-byte units 


Bit 30 and 29 ~—_L8FLP (L3 layer Flip mode) 
Sets flipping mode for L3 layer 
00 _— Displays frame 0 
01 Displays frame 1 
10 Switches frame 0 and 1 alternately for display 


11 Reserved 


Bit 31 L3C (L3 layer Color mode) 
Sets the color mode for L3 layer 
0 Indirect color (8 bits/pixel) mode 


1 Direct color (16 bits/pixel) mode 
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L3EM (L3 layer Extended Mode) 
Register 
address 


Bit 1 


Bit 23 to 20 


Bit 31 and 30 


DisplayBaseAddress + 1404 


L3 WP (L3 layer Window Position enable) 

Selects the display position of L3 layer 

0 Compatibility mode display (MR layer supported) 
1 Window display 


L3OM (L3 layer Overlay Mode) 
Selects the overlay mode for L3 layer 
0 Compatibility mode 


1 Extended mode 


L3PB (L3 layer Palette Base) 


Shows the value added to the index when subtracting palette of L3 layer. 


setting value is added. 


L3EC (L3 layer Extended Color mode) 
Sets extended color mode for L3 layer 
00 Mode determined by L3C 

01 ~~ Direct color (24 bits/pixel) mode 


1x Reserved 
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L30A0 (L3 layer Origin Address 0) 
Register 
address 

Bit number _|[31430}29!28}27}26|25{24 palaatatiooltolisii7ielsii4iiaii2iiiioloisi7ziei544434211 40 
Bit field name L3OA0 
RW | Ro 
| lo 


Initial value 


DisplayBaseAddress + 5Cu 


This register sets the origin address of the logic frame of the L3 layer in frame 0. Since lower 4 bits 
are fixed to “O”, this address is 16-byte aligned. 


L3DA0 (L3 layer Display Address 0) 
Register 
address 

Bit number _|[31/30l29l28127126|25]24 balaalatlooltohali7HeliSti4tiahi2tiiiolgisi71e15i443i2ii to 


Bit field name 
| RO 
a ae 
This register sets the origin address of the L3 layer in frame 0. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


DisplayBaseAddress + 60H 


Q 
= 


Initial value Don't care 


L30A1 (L3 layer Origin Address 1) 
Register 
address 


Bit number _|31}30|29}28}27}26/25]24 bajaa}a1faolia}ig}i7pielisfialishi2iisfioj9 3 j7}e{5}4}3}2}1}o| 
Bit field name L3OA1 


Initial value 


DisplayBaseAddress + 644 


Q 
= 


This register sets the origin address of the logic frame of the L3 layer in frame 1. Since lower 4-bits 
are fixed to “O”, this address is 16-byte aligned. 


L30A1 (L3 layer Display Address 1) 
Register 
address 

Bit number 
Bit field name 
R 
Initial value Don’t care 


DisplayBaseAddress + 684 


This register sets the origin address of the L3 layer in frame 1. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


L3DX (L3 layer Display position X) 
Register 
address 


Bit number 15114 113 1 12 
Bit field name 


R/W 
Initial value Don’t care 


DisplayBaseAddress + 6CH 


This register sets the display starting position (X coordinates) of the L3 layer on the basis of the origin 
of the logic frame in pixels. 
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L3DY (L3 layer Display position Y) 
Register 
address 

Bit number 
Bit field name 
RW RO 
a ce 


Initial value 


DisplayBaseAddress + 6En 


Don’t care 


This register sets the display starting position (Y coordinates) of the L3 layer on the basis of the origin 
of the logic frame in pixels. 


L3WX (L3 layer Window position X) 
Register 
address 


Bitnumber || 15 | 14 [13 | 12] 11] io] 9 |] 8 {7}e}{s5{4]3a3}2tito| 
Bit field name L3WX 


Initial value 


DisplayBaseAddress + 144} 


Q 
= 


This register sets the X coordinates of the display position of the L3 layer window. 


L3WY (L3 layer Window position Y) 
Register 
address 
Bit number 
Bit field name 
R/W 
Initial value 


This register sets the Y coordinates of the display position of the L3 layer window. 


L3WW (L3 layer Window Width) 
Register 
address 
Bit number 
Bit field name 


Initial value Don’t care 


Q 
= 


This register controls the horizontal direction display size (width) of the L3 layer window. Do not 
specify “O”. 


L3WH (L3-layer Window Height) 
Register 
address 


Bitnumber || 15 | 14 [13 | 12 [11 [if o}s{t7te}si4{3f2iifo | 
Bit field name L3WH 


Initial value Don’t care 


DisplayBaseAddress + 14AH 


Bit field name | 


This register controls the vertical direction display size (height) of the L3 layer window. Setting value 
+ 1 is the height. 
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L4M (L4 layer Mode) 
Register 
address 

| Bit number ||31|30}29|28!27}26l25}24/23}22101 }20119118117116|15414413}12/ 11/1019 F8t7 461544134211 10 


Bit field name 


DisplayBaseAddress + 70H 


rw RW] Ro | RW | RR 
| oS ae 


Initialvalue || |_| 


Bit 11 to 0 L4H (L4 layer Height) 


Specifies the height of the logic frame of the L4 layer in pixel units. Setting value + 1 
is the height 


Bit 23 to 16 L4W (L4 layer memory Width) 
Sets the memory width (stride) logic frame of the L4 layer in 64-byte units 


Bit 30 and 29 ~L4FLP (L4 layer Flip mode) 
Sets flipping mode for L4 layer 
00 _ Displays frame 0 
01 Displays frame 1 
10 Switches frame 0 and 1 alternately for display 


11 Reserved 


Bit 31 L4C (L4 layer Color mode) 
Sets the color mode for L4 layer 
0 Indirect color (8 bits/pixel) mode 


1 Direct color (16 bits/pixel) mode 
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L4EM (L4 layer Extended Mode) 
Register 
address 


DisplayBaseAddress + 1504 


Bit 1 


Bit 23 to 20 


Bit 31 and 30 


L4 WP (L4 layer Window Position enable) 

Selects the display position of L4 layer 

0 Compatibility mode display (BL layer supported) 
1 Window display 


L4OM (L4 layer Overlay Mode) 
Selects the overlay mode for L4 layer 
0 Compatibility mode 


1 Extended mode 


L4PB (L4 layer Palette Base) 


Shows the value added to the index when subtracting palette of L4 layer. 


setting value is added. 


L4EC (L4 layer Extended Color mode) 
Sets extended color mode for L4 layer 
00 Mode determined by L4C 

01 ~~ Direct color (24 bits/pixel) mode 


1x Reserved 
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L40A0 (L4 layer Origin Address 0) 
Register 
address 

Bit number _|[31/30}29!28}27}26|25{24 palaatotiooltolishi7ielsii4iiaii2iiioloisi7ziei544434211 40 
Bit field name L40A0 
RW || Ro 
| lo 


Initial value 


DisplayBaseAddress + 74y 


This register sets the origin address of the logic frame of the L4 layer in frame 0. Since lower 4 bits 
are fixed to “O”, this address is 16-byte aligned. 


L4DA0 (L4 layer Display Address 0) 
Register 
address 

Bit number _|[31{30/29}28127/26|25124 bajaa{a1taof1ofiat17i16115}14t13i1241 11019 St 7161514131211 10 


Bit field name 
| RO 
a ae 
This register sets the origin address of the L4 layer in frame 0. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


DisplayBaseAddress + 781 


Q 
= 


Initial value Don't care 


L40A1 (L4 layer Origin Address 1) 
Register 
address 


Bit number _|31}30|29}28}27}26/25]24 bafaa}a1faolia}ia}i7pielisfialishi2iisfioj 9} j7}e{5}4}3}2}1}o| 
Bit field name L40A1 


Initial value 


DisplayBaseAddress + 7Cy 


Q 
= 


This register sets the origin address of the logic frame of the L4 layer in frame 1. Since lower 4-bits 
are fixed to “O”, this address is 16-byte aligned. 


L40A1 (L4 layer Display Address 1) 
Register 
address 

Bit number 
Bit field name 
R 
Initial value Don’t care 


DisplayBaseAddress + 804 


This register sets the origin address of the L4 layer in frame 1. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


L4DX (L4 layer Display position X) 
Register 
address 


Bit number 15114 113 1 12 
Bit field name 


R/W 
Initial value Don’t care 


DisplayBaseAddress + 844 


This register sets the display starting position (X coordinates) of the L4 layer on the basis of the origin 
of the logic frame in pixels. 
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L4DY (L4 layer Display position Y) 
Register 
address 

Bit number 
Bit field name 
RW RO 
a ce 


Initial value 


DisplayBaseAddress + 864 


Don’t care 


This register sets the display starting position (Y coordinates) of the L4 layer on the basis of the origin 
of the logic frame in pixels. 


L4WxX (L4 layer Window position X) 
Register 
address 


Bitnumber || 15 | 14 1 13 | 12/11/10] 9 [as | 7}e6]{[s5{4]3{2iilfo | 
Bit field name Lawx 


Initial value 


DisplayBaseAddress + 1544 


Q 
= 


This register sets the X coordinates of the display position of the L4 layer window. 


L4WY (L4 layer Window position Y) 
Register 
address 
Bit number 
Bit field name 
R/W 
Initial value 


This register sets the Y coordinates of the display position of the L4 layer window. 


L4wWwW (L4 layer Window Width) 
Register 
address 
Bit number 
Bit field name 


Initial value Don’t care 


Q 
= 


This register controls the horizontal direction display size (width) of the L4 layer window. Do not 
specify “O”. 


L4WH (L4 layer Window Height) 
Register 
address 


Bitnumber || 15 | 14 [13 | 12 [11 [ito | st7te{s5i4{s3f2iifo | 
Bit field name L4WH 


Initial value Don’t care 


DisplayBaseAddress + 15AH 


Bit field name | 


This register controls the vertical direction display size (height) of the L4 layer window. Setting value 
+ 1 is the height. 
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L5M (L5 layer Mode) 
Register 
address 

| Bit number ||31|30}29|28!27}26125}24]23}22101}20119118117116|15414413}12/ 11/1019 F8 7461544134211 40 


Bit field name 


DisplayBaseAddress + 884 


wf RW] RO | RW | RR 
| oo [a I 


Initialvalue || |_| 


Bit 11 to 0 L5H (L5 layer Height) 


Specifies the height of the logic frame of the L5 layer in pixel units. Setting value + 1 
is the height 


Bit 23 to 16 L5W (L5 layer memory Width) 
Sets the memory width (stride) logic frame of the L5 layer in 64-byte units 


Bit 30 and 29 ~—L5FLP (L5 layer Flip mode) 
Sets flipping mode for L5 layer 
00 _— Displays frame 0 
01 Displays frame 1 
10 Switches frame 0 and 1 alternately for display 


11 Reserved 


Bit 31 L5C (L5 layer Color mode) 
Sets the color mode for L5 layer 
0 Indirect color (8 bits/pixel) mode 


1 Direct color (16 bits/pixel) mode 
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L5EM (L5 layer Extended Mode) 
Register 
address 


Bit 1 


Bit 31 to 30 
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DisplayBaseAddress + 1604 


L5 WP (L5 layer Window Position enable) 

Selects the display position of L5 layer 

0 Compatibility mode display (BR layer supported) 
1 Window display 


L5OM (L5 layer Overlay Mode) 
Selects the overlay mode for L5 layer 
0 Compatibility mode 


1 Extended mode 


L5EC (L5 layer Extended Color mode) 
Sets extended color mode for L5 layer 
00 Mode determined by L5C 

01 Direct color (24 bits/pixel) mode 


1x Reserved 


LLB 
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L50A0 (L5 layer Origin Address 0) 
Register 
address 

Bit number _|[31430}29!28}27}26|25{24 balaalotiooltolishti7ielsii4tiaii2iiioloisi7iei544434211 40 
Bit field name L5OA0 
RW || Ro 
| lo 


Initial value 


DisplayBaseAddress + 8CH 


This register sets the origin address of the logic frame of the L5 layer in frame 0. Since lower 4 bits 
are fixed to “O”, this address is 16-byte aligned. 


L5DAO0 (L5 layer Display Address 0) 
Register 
address 

Bit number _|[31/30l29l28127126 25/24 balaolatlooltoh eli 7ielisii4tisti2tiiHolgisi716154443t2ii to 


Bit field name 
| RO 
a ae 
This register sets the origin address of the L5 layer in frame 0. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


DisplayBaseAddress + 90H 


Q 
= 


Initial value Don't care 


L50A1 (L5 layer Origin Address 1) 
Register 
address 


Bit number _|31}30|29}28}27}26/25]24 bajaa}a1faoia}ig}t7fielisfialishi2iisfiol9 | j7}e{5}4}3}2}1}o| 
Bit field name L5OA1 


Initial value 


DisplayBaseAddress + 944 


Q 
= 


This register sets the origin address of the logic frame of the L5 layer in frame 1. Since lower 4-bits 
are fixed to “O”, this address is 16-byte aligned. 


L50A1 (L5 layer Display Address 1) 
Register 
address 

Bit number 
Bit field name 
R 
Initial value Don’t care 


DisplayBaseAddress + 981 


This register sets the origin address of the L5 layer in frame 1. For the direct color mode (16 
bits/pixel), the lower 1 bit is “O” and this address is 2-byte aligned. 


L5DX (L5 layer Display position X) 
Register 
address 


Bit number 15114 113 1 12 
Bit field name 


R/W 
Initial value Don’t care 


DisplayBaseAddress + 9Cx 


This register sets the display starting position (X coordinates) of the L5 layer on the basis of the origin 
of the logic frame in pixels. 
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L5DY (L5 layer Display position Y) 
Register 
address 

Bit number 
Bit field name 
RW RO 
a ce 


Initial value 


DisplayBaseAddress + 9En 


Don’t care 


This register sets the display starting position (Y coordinates) of the L5 layer on the basis of the origin 
of the logic frame in pixels. 


L5WX (L5 layer Window position X) 
Register 
address 


Bitnumber || 15 | 14 [13 | 12] 11] 10] 9 | 8{7}e}{;s5{4]3a3]}e2tito| 
Bit field name L5WX 


Initial value 


DisplayBaseAddress + 1644 


Q 
= 


This register sets the X coordinates of the display position of the L5 layer window. 


L5WY (L5 layer Window position Y) 
Register 
address 
Bit number 
Bit field name 
R/W 
Initial value 


This register sets the Y coordinates of the display position of the L5 layer window. 


L5WW (L5 layer Window Width) 
Register 
address 
Bit number 
Bit field name 


Initial value Don’t care 


Q 
= 


This register controls the horizontal direction display size (width) of the L5 layer window. Do not 
specify “O”. 


L5WH (L5 layer Window Height) 
Register 
address 


Bitnumber || 15 | 14 [13 | 12 [11 Lif 9 | st7te{tsi4i{3f2iifo | 
Bit field name L5WH 


Initial value Don’t care 


DisplayBaseAddress + 16AH 


Bit field name | 


This register controls the vertical direction display size (height) of the L5 layer window. Setting value 
+ 1 is the height. 
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CUTC (Cursor Transparent Control) 
Register 
address 

EREZEZELELZELZEL Eee 
[Bitfieldnamel| Reseed = Cuz} CUT 


DisplayBaseAddress + AOu 


cae Don't 
cart 


Bit 7 to 0 CUTC (Cursor Transparent Code) 
Sets color code handled as transparent code 


Bit 8 CUZT (Cursor Zero Transparency) 
Defines handling of color code 0 


0 Code 0 as non-transparency color 


1 Code 0 as transparency color 


CPM (Cursor Priority Mode) 


Register : 
Address DisplayBaseAddress + A2y 


Se a ie ee 


Pp Rw | ROT WTR 


| ROT RW 
i ____)e 


This register controls the display priority of cursors. Cursor 0 is always preferred to cursor 1. 


Bit 0 CUOO (Cursor Overlap 0) 
Sets display priority between cursor 0 and pixels of Console layer 
0 Puts cursor 0 at lower than LO layer. 


1 Puts cursor 0 at higher than LO layer. 


Bit 1 CUO1 (Cursor Overlap 1) 
Sets display priority between cursor 1 and C layer 


0 Puts cursor 1 at lower than LO layer. 


1 Puts cursor 1 at lower than LO layer. 
Bit 4 CENO (Cursor Enable 0) 

Sets enabling display of cursor 0 

0 Disabled 

1 Enabled 
Bit 5 CEN1 (Cursor Enable 1) 

Sets enabling display of cursor 1 

0 Disabled 

1 Enabled 
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CUOAO (Cursor-0 Origin Address) 


Register . 
address DisplayBaseAddress + A4y 
Bit number [131130129128127126]25 124123129121 20H ON BH7HGHSH4N3N2H1HOLOTSI7ZIGI51413121110 


CUOAO 


Initialvalue | So 


This register sets the start address of the cursor 0 pattern. 
address is 16-byte aligned. 


Since lower 4 bits are fixed to “O”, this 


CUXO (Cursor-0 X position) 


Don’t care 


This register sets the display position (X coordinates) of the cursor 0 in pixels. The reference position 


of the coordinates is the top left of the cursor pattern. 


CUYO (Cursor-0 Y position) 


Don’t care 


This register sets the display position (Y coordinates) of the cursor 0 in pixels. The reference position 


of the coordinates is the top left of the cursor pattern. 
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CUOA1 (Cursor-1 Origin Address) 
Register 


AeHtaes DisplayBaseAddress + ACy 


Bit number |131130129128127 126] 25 124123122121 12011911811 765i 4132 1Ol9 r8 E716 151443124110 


CUOAt 


| RO 
Initialvalue | 0 | 
This register sets the start address of the cursor 1 pattern. Since lower 4 bits are fixed to “0”, this 
address is 16-byte aligned. 


CUX1 (Cursor-1 X position) 


Don’t care 


This register sets the display position (X coordinates) of the cursor 1 in pixels. The reference position 
of the coordinates is the top left of the cursor pattern. 


CUY1 (Cursor-1 Y position) 


Don’t care 


This register sets the display position (Y coordinates) of the cursor 1 in pixels. The reference position 
of the coordinates is the top left of the cursor pattern. 
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DLS (Display Layer Select) 
Register 
address 


DisplayBaseAddress + 1804 


This register defines the blending sequence. 


Bit 3 to 0 


Bit 7 to 4 


Bit 11 to 8 


Bit 15 to 12 


Bit 19 to 16 


Bit 23 to 20 


DSLO (Display Layer Select 0) 

Selects the top layer subjected to blending. 
0000 _LO layer 

0001 ~—L1 layer 


0101 ~—_L5 layer 
0110 Reserved 


0110 Reserved 
0111  Notselected 


DSL1 (Display Layer Select 1) 


Selects the second layer subjected to blending. The bit values are the same as DSLO. 


DSL2 (Display Layer Select 2) 


Selects the third layer subjected to blending. The bit values are the same as DSLO. 


DSL8 (Display Layer Select 3) 


Selects the fourth layer subjected to blending. The bit values are the same as DSLO. 


DSL4 (Display Layer Select 4) 


Selects the fifth layer subjected to blending. The bit values are the same as DSLO. 


DSL5 (Display Layer Select 5) 


Selects the bottom layer subjected to blending. The bit values are the same as DSLO. 
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DBGC (Display Background Color) 
Register 


sAdksse DisplayBaseAddress + 1844 


125124 1231221212019 BN 76S M4 S209 tr 8716 tS 14 13124110 


DBGR DBGG DBGB 


Initial value 


eG 
ee | |? 
This register specifies the color to be displayed in areas outside the display area of each layer on the 
window. 


Bit 7 to 0 DBGB (Display Background Blue) 


Specifies the blue level of the background color. 


Bit 15 to 8 DBGG (Display Background Green) 


Specifies the green level of the background color. 


Bit23to16 DBGR (Display Background Red) 


Specifies the red level of the background color. 
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LOBLD (LO Blend) 
Register 
address 

Bit number |[31/30{29}281 ----- l2ol19l18117/ 16 | 15 | 14 | 13 [12[11Holots|7ieisi4aisiotsi 


DisplayBaseAddress + B4y 


RW 0 
| Initialvalue | CE Fl OT POO 
This register specifies the blend parameters for the LO layer. This register corresponds to BRATIO or 
BMODE for previous products. 


Bit 7 to 0 LOBR (LO layer Blend Ratio) 


Sets the blend ratio. Basically, the blend ratio is setting value/256. 


Bit 13 LOBP (LO layer Blend Plane) 
Specifies that the L5 layer is the blend plane. 
0 Value of LOBR used as blend ratio 


1 Pixel of L5 layer used as blend ratio 


Bit 14 LOBI (LO layer Blend Increment) 
Selects whether or not 1/256 is added when the blend ratio is not “O”. 
0 Blend ratio calculated as is 
1 1/256 added when blend ratio # 0 


Bit 15 LOBS (LO layer Blend Select) 
Selects the blend calculation expression. 
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio) 


1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio 


Bit 16 LOBE (LO layer Blend Enable) 
This bit enables blending. 
0 Overlay via transparent color 
1 Overlay via blending 
Before blending, the blend mode must be specified using LOBE, and alpha must also be enabled for LO 


layer display data. For direct color, alpha is specified using the MSB of data; for indirect color, alpha 
is specified using the MSB of palette data. 
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L1BLD (L1 Blend) 
Register 
address 

Bit number |[31/30{294281 ----- l2ol19l18117/ 16 | 15 | 14 | 13 [12i[t1Holots|7ieisi4aisiots| 


DisplayBaseAddress + 1881 


R/W a 
a (sg 2d (2 co 


This register specifies the blend parameters for the L1 layer. 


Bit7toO L1BR (L1 layer Blend Ratio) 


Sets the blend ratio. Basically, the blend ratio is setting value/256. 


Bit 13 L1BP (L1 layer Blend Plane) 
Specifies that the L5 layer is the blend plane. 
0 Value of L1BR used as blend ratio 


1 Pixel of L5 layer used as blend ratio 


Bit 14 L1Bl (L1 layer Blend Increment) 
Selects whether or not 1/256 is added when the blend ratio is not “O”. 
0 Blend ratio calculated as is 
1 1/256 added when blend ratio + 0 


Bit 15 L1BS (L1 layer Blend Select) 
Selects the blend calculation expression. 
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio) 
1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio 
Bit 16 L1BE (L1 layer Blend Enable) 


This bit enables blending. 
0 Overlay via transparent color 
1 Overlay via blending 
Before blending, the blend mode must be specified using L1BE, and alpha must also be enabled for L1 


layer display data. For direct color, alpha is specified using the MSB of data; for indirect color, alpha 
is specified using the MSB of palette data. 
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L2BLD (L2 Blend) 
Register 
address 

Bit number [31/30/2942 ----- l2ol19l18l17/ 16 | 15 | 14 | 13 [12[11Holots|7ieisi4aisiotst 


DisplayBaseAddress + 18Cy 


R/W a | nw 
pO Oe 


This register specifies the blend parameters for the L2 layer. 


Bit7to0 L2BR (L2 layer Blend Ratio) 


Sets the blend ratio. Basically, the blend ratio is setting value/256. 


Bit 13 L2BP (L2 layer Blend Plane) 
Specifies that the L5 layer is the blend plane. 
0 Value of L2BR used as blend ratio 


1 Pixel of L5 layer used as blend ratio 


Bit 14 L2Bl (L2 layer Blend Increment) 
Selects whether or not 1/256 is added when the blend ratio is not “O”. 
0 Blend ratio calculated as is 
1 1/256 added when blend ratio + 0 


Bit 15 L2BS (L2 layer Blend Select) 
Selects the blend calculation expression. 
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio) 
1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio 
Bit 16 L2BE (L2 layer Blend Enable) 


This bit enables blending. 
0 Overlay via transparent color 
1 Overlay via blending 
Before blending, the blend mode must be specified using L2BE, and alpha must also be enabled for L2 


layer display data. For direct color, alpha is specified using the MSB of data; for indirect color, alpha 
is specified using the MSB of palette data. 
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L3BLD (L3 Blend) 
Register 
address 

Bit number |[31/30{29428} ----- l2ol19l18l17/ 16 | 15 | 14 | 13 [12[11holots|7ieisi4aisiotst 


DisplayBaseAddress + 190y 


R/W aw ww Ww 
pe oe ae 


This register specifies the blend parameters for the L3 layer. 


Bit7to0 L8BR (L3 layer Blend Ratio) 


Sets the blend ratio. Basically, the blend ratio is setting value/256. 


Bit 13 L3BP (L3 layer Blend Plane) 
Specifies that the L5 layer is the blend plane. 
0 Value of L8BR used as blend ratio 


1 Pixel of L5 layer used as blend ratio 


Bit 14 L3BI (L3 layer Blend Increment) 
Selects whether or not 1/256 is added when the blend ratio is not “O”. 
0 Blend ratio calculated as is 
1 1/256 added when blend ratio + 0 


Bit 15 L3BS (L3 layer Blend Select) 
Selects the blend calculation expression. 
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio) 
1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio 
Bit 16 L3BE (L3 layer Blend Enable) 


This bit enables blending. 
0 Overlay via transparent color 
1 Overlay via blending 
Before blending, the blend mode must be specified using L8BE, and alpha must also be enabled for L3 


layer display data. For direct color, alpha is specified using the MSB of data; for indirect color, alpha 
is specified using the MSB of palette data. 
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L4BLD (L4 Blend) 
Register 
address 

Bit number |[31/30{294281 ----- l2ol19l18l17/ 16 | 15 | 14 | 13 [12[11holots|7ieisi4aisiots| 


DisplayBaseAddress + 1944 


R/W aw Pw | nw 
pO Oe 


This register specifies the blend parameters for the L4 layer. 


Bit7to0 L4BR (L4 layer Blend Ratio) 


Sets the blend ratio. Basically, the blend ratio is setting value/256. 


Bit 13 L4BP (L4 layer Blend Plane) 
Specifies that the L5 layer is the blend plane. 
0 Value of L4BR used as blend ratio 


1 Pixel of L5 layer used as blend ratio 


Bit 14 L4Bl (L4 layer Blend Increment) 
Selects whether or not 1/256 is added when the blend ratio is not “O”. 
0 Blend ratio calculated as is 
1 1/256 added when blend ratio + 0 


Bit 15 L4BS (L4 layer Blend Select) 
Selects the blend calculation expression. 
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio) 
1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio 
Bit 16 L4BE (L4 layer Blend Enable) 


This bit enables blending. 
0 Overlay via transparent color 
1 Overlay via blending 
Before blending, the blend mode must be specified using L4BE, and alpha must also be enabled for L4 


layer display data. For direct color, alpha is specified using the MSB of data; for indirect color, alpha 
is specified using the MSB of palette data. 
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L5BLD (L5 Blend) 
Register 


address DisplayBaseAddress + 198h 


Bit number _|[31}30/29}28} izohiovreyi7} 16 | 15 | 14 freyeyrinoyeis 7{6{5}4/3|/2]1] 
Bit field name L5BR 


R/W ow [a [Ow 
PE 


This register specifies the blend parameters for the L5 layer. 


Bit 7to0 L5BR (L5 layer Blend Ratio) 
Sets the blend ratio. Basically, the blend ratio is setting value/256. 


Bit 14 L5BI (L5 layer Blend Increment) 
Selects whether or not 1/256 is added when the blend ratio is not “O”. 
0 Blend ratio calculated as is 
1 1/256 added when blend ratio + 0 


Bit 15 L5BS (L5 layer Blend Select) 
Selects the blend calculation expression. 
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio) 
1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio 
Bit 16 L5BE (L5 layer Blend Enable) 


This bit enables blending. 
0 Overlay via transparent color 
1 Overlay via blending 
Before blending, the blend mode must be specified using L5BE, and alpha must also be enabled for L5 


layer display data. For direct color, alpha is specified using the MSB of data; for indirect color, alpha 
is specified using the MSB of palette data. 
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LOTC (LO layer Transparency Control) 
Register 
address 


Bit field name 


DisplayBaseAddress + BCu 


Initial value 


This register sets the transparent color for the LO layer. Color set by this register is transparent in 
blend mode. When LOTC =0 and LOZT =0, color 0 is displayed in black (transparent). 


This register corresponds to the CTC register for previous products. 


Bit14to0 LOTC (LO layer Transparent Color) 


Sets transparent color code for the LO layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


Bit 15 LOZT (LO layer Zero Transparency) 
Sets handling of color code 0 in LO layer 


0: Code 0 as transparency color 


1: Code 0 as non-transparency color 


L2TC (L2 layer Transparency Control) 


Register . 
DisplayBaseAddress + C2y 


Bit field name 


R/W 
Initial value 


This register sets the transparent color for the L2 layer. 
When L2TC = 0 and L2ZT = 0, color 0 is displayed in black (transparent). 
This register corresponds to the MLTC register for previous products. 


Bit14to0 L2TC (L2 layer Transparent Color) 


Sets transparent color code for the L2 layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


Bit 15 L2ZT (L2 layer Zero Transparency) 
Sets handling of color code 0 in L2 layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 
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L3TC (L3 layer Transparency Control) 
Register 
address 


Bit field name 


DisplayBaseAddress + COn 


Initial value 


This register sets the transparent color for the L3 layer. When L3TC = 0 and L3ZT = 0, color 0 is 
displayed in black (transparent). 


This register corresponds to the MLTC register for previous products. 


Bit14to0 L8TC (L3 layer Transparent Color) 


Sets transparent color code for the L3 layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


Bit 15 L3ZT (L3 layer Zero Transparency) 
Sets handling of color code 0 in L3 layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 


LOETC (LO layer Extend Transparency Control) 


Register . 
DisplayBaseAddress + 1A04 


| 31_fsojzoj2e}-—feafesfaa|arjaofiofiafi7fiefisfia}isfi2jiifioj 9 ff7fe{s5}4}3{2] 1 fol 


Bit field name LOTEC 


R/W 
This register sets the transparent color for the LO layer. The 24 bits/pixel transparent color is set 
using this register. The lower 15 bits of this register are physically the same as LOTC. Also, LOETZ is 
physically the same as LOTZ. 


When LOETC = 0 and LOEZT = 0, color 0 is displayed in black (transparent). 


Bit23to0 LOETC (LO layer Extend Transparent Color) 


Sets transparent color code for the LO layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


Bit 31 LOEZT (LO layer Extend Zero Transparency) 
Sets handling of color code 0 in LO layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 
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L1ETC (L1 layer Extend Transparency Control) 


Register 
address 
Bit number 


DisplayBaseAddress + 1A4y 


130129128} ---124123122121 12011987654 SAH 1019 F876 151413124110 


Bit field name LITEC 


This register sets the transparent color for the L1 layer. When L1ETC = 0 and L1EZT = 0, color 0 is 
displayed in black (transparent). 


For YCbCr display, transparent color checking is not performed; processing is always performed 
assuming that transparent color is not used. 


Bit 23 to 0 


Bit 31 


L1ETC (L1 layer Extend Transparent Color) 


Sets transparent color code for the L1 layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


L1EZT (L1 layer Extend Zero Transparency) 
Sets handling of color code 0 in L1 layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 


L2ETC (L2 layer Extend Transparency Control) 


Register 
address 


DisplayBaseAddress + 1A8q 


Bit field name L2TEC 
Initial value 


This register sets the transparent color for the L2 layer. The 24 bits/pixel transparent color is set 
using this register. The lower 15 bits of this register are physically the same as L2TC. Also, L2ETZ is 
physically the same as L2TZ. 


When L2ETC = 0 and L2EZT = 0, color 0 is displayed in black (transparent). 


Bit 23 to 0 


Bit 31 


L2ETC (L2 layer Extend Transparent Color) 


Sets transparent color code for the L2 layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


L2EZT (L2 layer Extend Zero Transparency) 
Sets handling of color code 0 in L2 layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 
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L3ETC (L3 layer Extend Transparency Control) 
Register 


address DisplayBaseAddress + 1ACH 


Bit number 130129128} ---124123122121 12011987654 SAH 1019 F876 151413124110 


Bit field name L3TEC 


This register sets the transparent color for the L3 layer. The 24 bits/pixel transparent color is set 
using this register. The lower 15 bits of this register are physically the same as L8TC. Also, L8ETZ is 
physically the same as L3TZ. 


When L38ETC = 0 and L3EZT = 0, color 0 is displayed in black (transparent). 


Bit23to0 L8ETC (L3 layer Extend Transparent Color) 


Sets transparent color code for the L3 layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


Bit 31 L3EZT (L3 layer Extend Zero Transparency) 
Sets handling of color code 0 in L3 layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 


L4ETC (L4 layer Extend Transparency Control) 
Register 
address 


Bit field name 
Initial value 


This register sets the transparent color for the L4 layer. This register sets the transparent color for the 
L4 layer. When L4ETC = 0 andL4EZT =0, color 0 is displayed in black (transparent). 


Bit23to0 L4ETC (L4 layer Extend Transparent Color) 


Sets transparent color code for the L4 layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


Bit 31 L4EZT (L4 layer Extend Zero Transparency) 
Sets handling of color code 0 in L4 layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 
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L5ETC (L5 layer Extend Transparency Control) 
Register 


sAdesse DisplayBaseAddress + 1B44 


Bit number 130129128} ---124123122121 12019876542 1019 T8176 151413124110 


Bit field name L5TEC 


This register sets the transparent color for the L5 layer. This register sets the transparent color for the 
L5 layer. When L5ETC = 0 andL5EZT =0, color 0 is displayed in black (transparent). 


Bit23to0 L5ETC (L5 layer Extend Transparent Color) 


Sets transparent color code for the L5 layer. In indirect color mode (8 bits/pixel) bits 7 to 
O are used. 


Bit 31 L5EZT (L5 layer Extend Zero Transparency) 
Sets handling of color code 0 in L5 layer 
0 Code 0 as transparency color 


1 Code 0 as non-transparency color 
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LOPALO-255 (LO layer Palette 0-255) 
Register 
address 

31 {30}29128127}26|25124j23122121120119118}1741611541441311211 111019 181716154413 424110 


Bitfieldname] =F SA | RG 


DisplayBaseAddress + 4004 -- DisplayBaseAddress + 7FFy 


[| CB 
ee | RW Ro | RW RO 


These are color palette registers for LO layer and cursors. In the indirect color mode, a color code in 
the display frame indicates the palette register number, and the color information set in that register is 
applied as the display color of that pixel. This register corresponds to the CPALn register for previous 
products. 


Bit 7 to 2 B (Blue) 


Sets blue color component 


Bit15to10 G (Green) 


Sets green color component 


Bit23to 18 R (Red) 


Sets red color component 


Bit 31 A (Alpha) 
Specifies whether or not to perform blending with lower layers when the blending mode 
is enabled. 
0 Blending not performed even when blending mode enabled 
Overlay is performed via transparent color. 


1 Blending performed 
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L1PALO0-255 (L1 layer Palette 0-255) 
Register 
souiees 

| Bit number ||31{30}20}28}27}26/25}24fostociorlooltol sti 7ieli5i14iiahi2iiiolo datz iei544134211 40 


po ARG 
ey 8 


DisplayBaseAddress + 8004 -- DisplayBaseAddress + BFFy 


Initial value 


Paw rw] RO 


These are color palette registers for L1 layer and cursors. In the indirect color mode, a color code in 
the display frame indicates the palette register number, and the color information set in that register is 
applied as the display color of that pixel. This register corresponds to the MBPALn register for 
previous products. 


Bit 7 to 2 B (Blue) 


Sets blue color component 


Bit15to10 G (Green) 


Sets green color component 


Bit 23to 18 —_R (Red) 


Sets red color component 


Bit 31 A (Alpha) 
Specifies whether or not to perform blending with lower layers when the blending mode 
is enabled. 
0 Blending not performed even when blending mode enabled 
Overlay is performed via transparent color. 


1 Blending performed 
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L2PALO-255 (L2 layer Palette 0-255) 


Register F F 
a desee DisplayBaseAddress + 10004 -- DisplayBaseAddress + 13FFy 


31 {30}29128127}26/25}24 j23122121120119118}1741611541411311211 111019 181716154413 424110 


Bitfieldname] =F SA | RG 


[| CB 
ee | RW Ro | RW RO 


These are color palette registers for L2 layer and cursors. In the indirect color mode, a color code in 
the display frame indicates the palette register number, and the color information set in that register is 
applied as the display color of that pixel. 


Bit 7 to 2 B (Blue) 


Sets blue color component 


Bit15to10 G (Green) 


Sets green color component 


Bit23to 18 R (Red) 


Sets red color component 


Bit 31 A (Alpha) 
Specifies whether or not to perform blending with lower layers when the blending mode 
is enabled. 
0 Blending not performed even when blending mode enabled 
Overlay is performed via transparent color. 


1 Blending performed 


MB86294/ 294S CORAL_LB 
Graphics Controller 209 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


L3PALO-255 (L3 layer Palette 0-255) 


Register F ; 
address DisplayBaseAddress + 14004 -- DisplayBaseAddress + 17FFy 


31 {30}29128127}26|25}24 j23122121120119118}1741611541441311211 111019 184716154413 424110 


Bitfieldname] FSSA | RT 


[| CB 
ee | RW Ro | RW RO 


These are color palette registers for L3 layer and cursors. In the indirect color mode, a color code in 
the display frame indicates the palette register number, and the color information set in that register is 
applied as the display color of that pixel. 


Bit 7 to 2 B (Blue) 


Sets blue color component 


Bit15to10 G (Green) 


Sets green color component 


Bit23to 18 R (Red) 


Sets red color component 


Bit 31 A (Alpha) 
Specifies whether or not to perform blending with lower layers when the blending mode 
is enabled. 
0 Blending not performed even when blending mode enabled 
Overlay is performed via transparent color. 


1 Blending performed 
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11.2.4 Video Capture Registers 


VCM (Video Capture Mode) 


Register 
CaputureBaseAddress + 00, 


Bit number |[31]30}29}28}27}26 |25|24]23 22121 |20/19}18}17}16}15}14]13}12411}10] 9 }8 {746 {5} 443}2] 4/0 


RW RW 


jo} x foo | x op Ko x] 


This register sets the video capture mode. 


Bit 31 VIE (Video Input Enable) 
Enables video capture function 
0: Does not capture video 
1: Captures video 

Bit 30 VIS (Video Input Select) 
0 RBT656 
1 RGB666 


Bit 25 to 24 CM (Capture Mode) 


Sets video capture mode 
To capture vides, set these bits to “11”. 


00: Initial value 
01: Reserved 


10: Reserved 


11: Capture 
Bit 20 VI (Vertical Interpolation) 
Sets whether to perform vertical interpolation 
0: Performs vertical interpolation 
The graphics are enlarged vertically by two times 
1: Does not perform vertical interpolation 
Bit 1 VS (Video Select) 
Selects NTSC or PAL 
0: NTSC 
1: PAL 
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CSC (Capture SCale) 


Register 
CaputureBaseAddress + 044 


31430}29}28127]26 125124 123129191 10H OHBH7H6l15114113112111/10f9 181716 15144134241 40 
Bit field name 
| RW Rw TCS 


Initial value 00001 00000000000 00001 00000000000 


This register sets the video capture enlargement/reduction ratio. 


Bit 31 to 27 VSCI (Vertical SCale Integer) 


Sets integer part of vertical enlargement/reduction ratio 


Bit26to 16 VSCF (Vertical Scale Fraction) 


Sets fraction part of vertical enlargement/reduction ratio 


Bit15to 11 HSCI (Horizontal SCale Integer) 


Sets integer part of horizontal enlargement/reduction ratio 


Bit 10 to 0 HSCF (Horizontal SCale Fraction) 


Sets fraction part of horizontal enlargement/reduction ratio 


VCS (Video Capture Status) 


Register 
address CaputureBaseAddress + 084 


31130129128127 126125 124 123122121 LOM OHBH 7HOHSH4HSHOMIHOLOTST7IGIS #4131211 10 


Bit field name 
initial value 00000 


This register indicates the ITU-RBT656 SAV and EAV status. 

To detect error codes, set NTSC/PAL in the VS bit of VCM. If NTSC is set, reference the number of 
data in the capture data count register (CDCN). If PAL is set, reference the number of data in the 
capture data counter register (CDCP). If the reference data does not match the stream data , or 
undefined Fourth word of SAV/EAV codes are detected, bits 4 to 0 of the video capture status register 
(VCS) will be values as follows. 


Bits 4-0 CE (Capture Error) 


Indicates error occurred during video capture 


Bit4 1: RBT.656 H code error (End) 0: true 
Bit3 1: RBT.656 H code error (Start) 0: true 
Bit2 1: RBT.656 undefined error (Code Bit7-0) 0: true 
Bit1 1: RBT.656 undefined error (Code Bit7-4) 0: true 
BitO 1: RBT.656 undefined error (Code Bit7) 0: true 
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CBM (vide Capture Buffer Mode) 
Register 
address 

Bit # —_]31430!29128127126 125124 {23122121 2OHONSH7HENSH4NSH2H1HOLO TS I7 IG 151413124140 


Bit field name Qo}__Reserved __{ __cBW _| Reserved 


CaputureBaseAddress + 104 


a 
Initial value Don't care 


Bit23to 16 CBW (Capture Buffer memory Width) 
Sets memory width (stride) of capture buffer in 64 bytes 


Bit 31 OO (Odd Only mode) 
Specifies whether to capture odd fields only 
0: Normal mode 
1: | Odd only mode 


CBOA (video Capture Buffer Origin Address) 


Register 
CaputureBaseAddress + 144 


Bit number |] 31 {30}29}28}27 126125424 123j22121 {2019118117416 41541441341 241141019 F847 1615414434241 40 


Bit field name CBOA 
PRM RK Rw 
Initial value | Don'teare | Donte 


This register specifies the starting (origin) address of the video capture buffer. 


CBLA (video Capture Buffer Limit Address) 


Register 
CaputureBaseAddress + 184 


Bit number [131 130129128127126125124 j2312212 1120 ONS 7HENSM4NSHOANTMOLO TS E7 16 E514 43124110 


Bit field name 


R/W 


Initial value [pont ears | rrteare J 


This register specifies the end (limit) address of the video capture buffer. 
CBLA must be larger than CBOA. 
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CIHSTR (Capture Image Horizontal STaRt) 
Register 
address 

| Bitnumber | 15 | 14 | 13 [12] 11 [iol o}st7tets}4{3]2iifo | 


CaputureBaseAddress + 1Cy 


This register sets the range of the images to be written (captured) to the video capture buffer. Specify 
the X coordinates located in the top left of the image range as the count of pixels from the top left of the 
image. For reduction, apply this setting to the post-reduction image coordinates. 


CIVSTR (Capture Image Vertical STaRt) 


Register 
CaputureBaseAddress + 1Ey 


p15 | 14] iz] i{ufiolo}|stz7t{eoe;s}4{3f2iifo| 


Initial value Don't care Don’t care 


This register sets the range of the images to be written (captured) to the video capture buffer. Specify 
the Y coordinates located in the top left of the image range as the count of pixels from the top left of the 
image. For reduction, apply this setting to the post-reduction image coordinates. 


CIHEND (Capture Image Horizontal END) 


Register 
adress CaputureBaseAddress + 204 


pis | a [isfiz{ufwolots|7tet;s{4}a3}te2tito| 


CIHEND 
Initial value 


This register sets the range of the images to be written (captured) to the video capture buffer. Specify 
the X coordinates located in the bottom right of the image range as the count of pixels from the top left 
of the image. For reduction, apply this setting to the post-reduction image coordinates. 


If the pixel at the right end of the image is not aligned on 64 bits/word boundary, extra data is written 
before 64 bits/word boundary. 


If the width of the input image is less than the range set by this command, data is written only at the 
size of input image. 


CIVEND (Capture Image Vertical END) 


Register 
CaputureBaseAddress + 22 


p15 | ia [ is} ituftiwolo{}s|7te;s{4}3jt2tilto| 


Bit field name 
Initial value 
This register sets the range of the images to be written (captured) to the video capture buffer. Specify 
the Y coordinates located in the bottom right of the image range as the count of pixels from the top left 
of the original image to be input. For reduction, apply this setting to the post-reduction image 

coordinates. 


If the count of rasters of the input image is less than the range set by this command, data is written 
only at the size of the input image. 
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CHP (Capture Horizontal Pixel) 
Register 
address 

Bit number |/31 130129128127 126125124 123122121 {201191181 7161S 4121019 Bt 7 +6 151413124140 


Bit field name 


CaputureBaseAddress + 284 


P 
Ww 
This register sets the count of horizontal pixels of the image output after scaling. Specify the count of 
horizontal pixels in 2 pixels. 


CVP (Capture Vertical Pixel) 


Register 
CaputureBaseAddress + 2cy 


31 130l29l28lo7la6lostoatosioolotlooliolisii7iiei15414413112111110191817161514131211 10 


Bit field name CVPP CVPN 


Initial value 271 (625p) 20Dy (525) 


This register sets the count of vertical pixels of the image output after scaling. The fields to be used 
depend on the video format to be used. 


Bit25to 16 CVPP (Capture Vertical Pixel for PAL) 


Set count of vertical pixels of output image in PAL format used 


Bit 9 to 0 CVPN (Capture Vertical Pixel for NTSC) 


Set count of vertical pixels of output image in NTSC format used 
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CLPF (Capture Low Pass Filter) 


Register 
CCaputureBaseAddress + 40x 


O29} 
Bit field name VEE GHLPF 
| RW, RO | RW TRO RRO 
Initial value =e a eee ee ee ee ee 


This register sets the Low Pass Filter Coefficient. It specifies independently in 2-bit coefficient code with 


a luminance signal (Y) and a color-difference signal (C). A coefficient is a right-and-left symmetrical 
coefficient. 


A Vertical low path filter consists of FIR filters of three taps. A coefficient is specified in the following 
register. 


Bit 27 to 26 CVLPF_Y (Capture Vertical LPF coefficient Y) 
Sets Y part of vertical LPF coefficient code 


CVLPF_Y KO K1 K2 
2’b00 0 1 0 
2’b01 1/4 2/4 1/4 
2’b10 3/16 10/16 3/16 
2'b11 Reserve 


Bit 25 to 24 CVLPF_C (Capture Vertical LPF coefficient C) 


Sets C _ part of vertical LPF coefficient code 


CVLPF_C KO K1 K2 
2’b00 0 1 0 
2’b01 1/4 2/4 1/4 
2’b10 3/16 10/16 3/16 
2'b11 Reserve 
A horizontal low path filter consists of FIR filters of five taps. A coefficient is specified in the following 


register. 
Bit19to 18 CHLPF_YI (Capture Horizontal LPF coefficient Y) 


Sets Y part of horizontal coefficient code 


CHLPF_Y KO K1 K2 K3 K4 
2’b00 0 0 1 0 0 
2’b01 0 1/4 2/4 1/4 0 
2’b10 0 3/16 10/16 3/16 0 
2’b11 3/32 8/32 10/32 10/32 3/32 


Bit 17to 16 CHLPF_C (Capture Horizontal LPF coefficient C) 


Sets C part of horizontal coefficient code 


CHLPF_C KO K1 K2 K3 K4 
2’b00 0 0 1 0 0 
2’b01 0 1/4 2/4 1/4 0 
2’b10 0 3/16 10/16 3/16 0 
2’b11 3/32 8/32 10/32 10/32 3/32 


LPF will be turned off if coefficient code 2'b00 are set up. 
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CDCN (Capiure Data Count for NTSC) 


Register 
CaputureBaseAddress + 4000y 


Bit number _|[31430129128 127126125124 123122121 QOH ON BH 7HGEHNSH4HSH2H1THOLOTSI7TIGF 51413421110 


This register sets the count of data of the input video stream in NTSC format. 


Bit25to 16 BDCN (Blanking Data Count for NTSC) 


Sets count of data processed during blanking period in NTSC format 


Bit 10 to 0 VDCN (Valid Data Count for NTSC) 


Sets count of data processed during valid period in NTSC format 


CDCP (Capture Data Count for PAL) 
Register 
address 


31}30l29l28l27lo6lasioafostoclorfoolioliali7iielisiiaiiaii2iiitololsizieisiai3i2ti1 io 


CaputureBaseAddress + 40044 


Bit field name BDCP VDCP 


Initial value 


11By (283) 5A3x (1443) 


This register sets the count of data of the input video stream in PAL format. 


Bit25to 16 BDCP (Blanking Data Count for PAL) 


Sets count of data processed during blanking period in PAL format 


Bit 10 to 0 VDCP (Valid Data Count for PAL) 


Sets count of data processed during valid period in PAL format 
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11.2.5 Drawing control registers 


CTR (Control Register) 


Register DrawBaseAddress + 4004 
address 


3130129128127 [26125 20119118117116115|14|13|12|11110] 918 |716/514/312/1{0| 


proce | | CNT __nefrrfre]_ | ss |_| os |__| Ps | 
pete] | UR RR{R}| OP R{ UT RRR | 
| Cfofofo} {| orton —fofofi] fFoof foo} | oo | 


This register indicates drawing flags and status information. Bits 24 to 22 are not cleared until 0 is set. 


Bit 1 and 0 PS (Pixel engine Status) 
Indicate status of pixel engine unit 
00 Idle 
01 Busy 
10 Reserved 


11 Reserved 


Bit 5 and 4 DS (DDA Status) 
Indicate status of DDA 


00 = Idle 
01 Busy 
10 Busy 


11. Reserved 


Bit 9 and 8 SS (Setup Status) 
Indicate status of Setup unit 
00 Idle 
01 Busy 
10 Reserved 


11 Reserved 


Bit 12 FE (FIFO Empty) 
Indicates whether data contained or not in display list FIFO 
0 Valid data 
1 No valid data 


Bit 13 FF (FIFO Full) 
Indicates whether display list FIFO is full or not 
0 Not full 
1 Full 

Bit 14 NF (FIFO Near Full) 


Indicates how empty the display list FIFO is 


M B86294/ 294S CORAL_LB 
Graphics Controller 218 
Specifications Rev. 1.2 


FUJITSU LIMITED 


PRELIMINARY and CONFIDENTIAL 


Bit 20 to 15 


Bit 23-22 


Bit 24 
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0 Empty entries equal to or more than half 


1 Empty entries less than half 


FCNT (FIFO Counter) 
Indicates count of empty entries of display list FIFO (0 to 100000») 


CE (Display List Command Error) 


Indicates command error occurrence (Not all error can detect. Need software reset or 
hardware reset for recovery) 


00 =Normal 


11 Command error detected 


FO (FIFO Overflow) 

Indicates FIFO overflow occurrence 
0 Normal 

1 FIFO overflow detected 
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IFSR (Input FIFO Status Register) 
Register 
address 

Bit number _ |[31130129128127 126 125124423122 121 (2011941 8H 711611591441 311 21110198 r 716151 4i3 }211]0] 


Bit field name 


DrawBaseAdaress + 4044 


Initial value 


This is a mirror register for bits 14 to 12 of the CTR register. 


IFCNT (Input FIFO Counter) 


Register DrawBaseAddress + 4084 
address 


Bit number |/31130129128127126125124123122191 IDO ONSH7HEMSH4I13H2H1MOLOTST7I6 (51413121110 
Bifieldnamef NT 
R/W 


Initial value 011101 


This is a mirror register for bits 19 to 15 of the CTR register. 


SST (Setup engine Status) 


Register DrawBaseAdaress + 40Cy 
address 


Bit field name 


R/W 


Initial value 


This is a miller register for bits 9 to 8 of the CTR register. 


DST (DDA Status) 


Bit number 


Bit field name 


R/W 
Initial value 


This is a mirror register for bits 5 to 4 of the CTR register. 


PST (Pixel engine Status) 
Register 
address 


This is a mirror register for bits 1 to 0 of the CTR register. 


EST (Error Status) 


2 {1 | 0) 


Initial value fofofo| 


This is a mirror register for bits 24 to 22 of the CTR register. 
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11.2.6 Drawing mode registers 


When write to the registers, use the SetRegister command. The registers cannot be accessed from the 
CPU. 


MDRO (Mode Register for miscellaneous) 


Register DrawBaseAddress + 4204 
address 


31|30'29128127 126125 124 1o3120101 12011911811 7[16]15|14113112111110/9|8 | 7161514 


per cr | ovo} BV BSH | 
pow ew | fw} RW | RW 
poof fo Toff 0 | 00 | 


Bit 1 to 0 BSH (Bitmap Scale Horizontal) 
Sets horizontal zoom ratio of bitmap draw 
00 xi 
01 x2 
10 x1/2 
01 Reserved 


Bit 3 to 2 BSV (Bitmap Scale Vertical) 
Sets vertical zoom ratio of bitmap draw 
00 x1 
01 x2 
10 x1/2 
01 Reserved 


Bit 8 CX (Clip X enable) 
Sets X coordinates clipping mode 
0 Disabled 
1 Enabled 


Bit 9 CY (Clip Y enable) 
Sets Y coordinates clipping mode 
0 Disabled 
1 Enabled 


Bit16and15 CF (Color Format) 
Sets drawing color format 
00 Indirect color mode (8 bits/pixel) 
01 Direct color mode (16 bits/pixel) 


Bit 20 ZP (Z Precision) 
Sets the precision of the Z value used for erasing hidden planes. 
16 bits/pixel 
8 bits/pixel 
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MDR1/MDR1S/MDR1B (Mode Register for LINE/for Shadow/for Border) 


Register 
address 


Bit field name 


DrawBaseAddress + 4244 


3113012928127 126125124 |23122121 


ee 


i 


2jitfofe |st7{6|5}4}3]2{1[o| 
| L0G | BM faw| ZcL_|zcl | | 


P| RW | few} TR RW few] RW owl | 


Initial value 


| ooo |  —ifojof dots fo Jo} ooo Jot | | 


This register sets the mode of line and pixel drawing. 


This register is used for the body primitive, for the shade primitive, for the edge primitive. 


The value after a drawing that involves the shade primitive, the edge primitive is the value set for 


MDRI1. 


The ZC bit of MDR1 is also used for point drawing. But in case of DrawPixelZ command, this bit 
automatically set to 1. 


Please set ZC bit ( bit 2) to 0 when draw BlItCopyAltAlphaBlendP command. 


Bit 1 


Bit 2 


Bit 5 to 3 


Bit 6 


Bit 8 to 7 


AS (Alpha Shading mode) 

Sets the shading mode for alpha. 
0 Alpha flat shading 

1 Alpha Gouraud shading 


ZC (Z Compare mode) 
Sets Z comparison mode 
0 Disabled 

1 Enabled 


ZCL (Z Compare Logic) 


Selects type of Z comparison 


000 NEVER 
001 ALWAYS 
010 LESS 
011 LEQUAL 
100 EQUAL 


101 GEQUAL 
110 GREATER 
111 NOTEQUAL 


ZW (Z Write mode) 
Sets Z write mode 
0 Writes Z values. 


1 Not write Z values. 


BM (Blend Mode) 

Sets blend mode 

00 Normal (source copy) 
01 Alpha blending 
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10 Drawing with logic operation 


11 Reserved 


Bit 12 to 9 LOG (Logical operation) 


Sets type of logic operation 


0000 CLEAR 

0001 AND 

0010 AND REVERSE 
0011 COPY 

0100 ANDINVERTED 
0101 NOP 

0110 XOR 

0111 OR 

1000 NOR 

1001 EQUIV 


1010 INVERT 

1011 OR REVERSE 
1100 COPY INVERTED 
1101 OR INVERTED 


1110 NAND 
1111 SET 

Bit 19 BL (Broken Line) 
Selects line type 
0 Solid line 
1 Broken line 

Bit 20 BP (Broken line Period) 
Selects broken line cycle 
0: 32 bits 
1: 24 bits 


Bit 28 to 24 LW (Line Width) 
Sets line width for drawing line 
00000 1 pixel 
00001 2pixels 


11111 32 pixels 
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MDR2/MDR2S/MDR2TL (Mode Register for Polygon/for Shadow/for TopLeft) 


Register 
address 


DrawBaseAddress + 4284 


31}30|29}28 


27|26j25{24}esj22}21\20}19]18}17}16]15414] 13/1241 11049 |8f7 |e] 5 $443] 2] 4/0) 


Pp tO BM few] ZCL_| zc a5 [50 


PP RW RR RW rrr 


| foo ff tt fo} 0000 Jo ff | 


This register sets the polygon drawing mode. 


This register is used for the body primitive, for the shade primitive, and for the top-left non-applicable 


primitive. 


The value after a drawing that involves the shade primitive or the top-left non-applicable primitive is the 


value set for MDR2. 


MDR2@S register is able to use only SM=0, AS=0 and TT=00 settings. 


Bit 0 SM (Shading Mode) 
Sets shading mode 
0 Flat shading 
1 Gouraud shading 
Bit 1 AS (Alpha Shading mode) 
Sets alpha shading mode. This mode is enabled for only alpha. 
0 Alpha flat shading 
1 Alpha gouraud shading 
Bit 2 ZC (Z Compare mode) 
Sets Z comparison mode 
0 Disabled 
1 Enabled 
Bit 5 to 3 ZCL (Z Compare Logic) 
Selects type of Z comparison 
000 NEVER 
001 ALWAYS 
010 LESS 
011 LEQUAL 
100 EQUAL 
101 GEQUAL 
110 GREATER 
111 NOTEQUAL 
Bit 6 ZW (Z Write mask) 


Sets Z write mode 


0 
1 
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Bit 8 to 7 BM (Blend Mode) 
Sets blend mode 
00 Normal (source copy) 
01 Alpha blending 
10 Drawing with logic operation 


11 Reserved 


Bit 12 to9 LOG (Logical operation) 


Sets type of logic operation 


0000 CLEAR 

0001 AND 

0010 AND REVERSE 
0011 COPY 

0100 AND INVERTED 
0101 NOP 

0110 XOR 

0114 OR 

1000 NOR 

1001 EQUIV 


1010 INVERT 

1011 OR REVERSE 
1100 COPY INVERTED 
1101 OR INVERTED 
1110 NAND 

1111 SET 


Bit29to28 ‘TT (Texture-Tile Select) 
Selects texture or tile pattern 
00 Neither used 
01 Enabled tiling 
10 Enabled texture 


11 Reserved 
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MDR3 (Mode Register for Texture) 


Register DrawBaseAddress + 42Cy 
address 


Bit number _|[31{30}29}28}27}26{25|24]23}22[21 20|19}18]17}16[15}14}13}12[1 1410] 9 ts [7 fe] 5 [4/3/2414 [0 
Bit field name pal [tab tee] tws|twr] fret fre] 


R/ ew) fRwi few] RW Rw] few fee 
initial value jo} foo] [oo] Joojoo] fof jo} | 


This register sets the texture mapping mode. 


Bit 3 TC (Texture coordinates Correct) 


Sets texture coordinates correction mode 


0 Disabled 
1 Enabled 
Bit 5 TF (Texture Filtering) 


Sets type of texture interpolation (filtering) 
0 Point sampling 


1 Bi-linear filtering 


Bit 9 and 8 TWT (Texture Wrap T) 


Sets type of texture coordinates T direction wrapping 


00 ~=©Repeat 
01 Cramp 
10 Border 


11 Reserved 


Bit11 and10 TWS (Texture Wrap S) 


Sets type of texture coordinates S direction wrapping 


00 ~=Repeat 
01 Cramp 
10 Border 


11 Reserved 


Bit17 and 16  TBL (Texture Blend mode) 


Sets texture blending mode 


00 ~=De-curl 
01 Modulate 
10 = Stencil 


11 Reserved 


Bit21 and 20 TAB (Texture Alpha Blend mode) 
Sets texture blending mode 


The stencil mode and the stencil alpha mode are enabled only when the MDR2 
register blend mode (BM) is set to the alpha blending mode. If it is not set to the 
alpha blending mode, the stencil mode and stencil alpha mode perform the same 
function as the normal mode. 
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00 §=Normal 
01 Stencil 
10 Stencil alpha 


11 Reserved 


Bit 24 BA (Bilinear Accelerate Mode) 


Improves the performance of bi-linear filtering, although a texture area of four times the 
default texture area is used. 


0 Default texture area used 


1 Texture area four times default texture area used 
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MDR4 (Mode Register for BLT) 


Register DrawBaseAdaress + 4304 
address 


Bit number |[31{30}29!28 127126125 124123120121 12011911811 7116115414113] 124114101 9 6{5/413{2/1]0| 
Bit field name | toc [em] rel | 


Initial value 


This register controls the BLT mode. 


Bit 1 TE (Transparent Enable) 
Sets transparent mode 
0: Not perform transparent processing 


le Not draw pixels that corresponds to set transparent color in BLT (transparancy 
copy) 
Note: Set the blend mode (BM) to normal. 


Bit 8 to 7 BM (Blend Mode) 


Sets blend mode 


00 Normal (Source copy) 

01 Reserved 

10 Drawing with logic operation 
11 Reserved 


Bit12to9 LOG (Logical operation) 


Sets logic operation 


0000 CLEAR 

0001 AND 

0010 AND REVERSE 
0011 COPY 

0100 AND INVERTED 
0101 NOP 

0110 XOR 

0111 OR 

1000 NOR 

1001 EQUIV 


1010 = INVERT 

1011 ORREVERSE 
1100 COPY INVERTED 
1101 ORINVERTED 
1110 NAND 

1111. SET 
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MDR7 (Mode Register for Extension) 


Register DrawBaseAddress + 43Cy 
address 


31430129128127126 125424123 120101 12011911811 7116415114113|1211 1110} 9 615141312 |1/0| 
Bit field name cof 


pe 
a | 07 
| 


Initial value 


This register controls the BLT mode. 


Bit 4 GG (Gray scale Gouraud Shading) 
Sets gray scale gouraud shading mode 
0: Hard mask on ( compatible Orchid) 


1: Hard mask off ( extension mode) 


Note: This register is used for gray scale gouraud shading. This register is changed by internal processing. 
Please don’t set these bits except GG bit. 


In case of gray scale gouraud shading drawing, please set this register to the follows. 
1. Set this register to 0x00000050 before drawing. 
2. Set this register to 0x00000040 after drawing. 
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FBR (Frame buffer Base) 


Register | p-awBaseAddress + 440, 
address 


31430129128127126|25}24123122121 2091181 7HEl15I14413h12H1H019F8t7 {61514434211 {0 
Bit field name 


| 
Iniialvalue | 


This register stores the base address of the drawing frame. 


XRES (X Resolution) 


address 
Bit number 


This register sets the drawing frame horizontal resolution. 


ZBR (Z buffer Base) 
address 


| 
Initial value Te 


This register sets the Z buffer base address. 


TBR (Texture memory Base) 
address 
Sitfeldname| 
a 
Ss a 


This register sets the texture memory base address. 


PFBR (2D Polygon Flag-Buffer Base) 


Boe ae DrawBaseAdaress + 4504 
address 


31130129128127126 |25124123109121 OOH QNSH 7HENSHANSH2NINOLOISI7IGI5 14131211 10 


PFBASE 


Bitfieldname}| = 
i CC --___ 
| | lo 


Initial value 


This register sets the polygon flag buffer base address. 
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CXMIN (Clip X minimum) 
Register 
address 

31430129128127126}25}24123122121 20H 9118h17116f1541441311211111019F8t7 {61514434211 {0 


Bit field name CLIPXMIN 


DrawBaseAdaress + 4544 


Initial value 


This register sets the clip frame minimum X position. 


CXMAX (Clip X maximum) 


address 
Bit number 
Don't care 


This register sets the clip frame maximum X position. 


CYMIN (Clip Y minimum) 


address 
31|30}29]28127}26]25{24|23}22121120}19118]17416115114|13}12|11110191817161514131241 10) 


This register sets the clip frame minimum Y position. 


CYMAX (Clip Y maximum) 


Register DrawBaseAdadress + 4604 
address 


31 130129128127126125 124123129101 QOH ONBH 7HEHSH4NSH211HO19TSI7TIGIS 14431211 10 


Bit field name CLIPYMAX 
Initial value Don’t care 


This register sets the clip frame maximum Y position. 
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TXS (Texture Size) 


Register DrawBaseAddress + 4644 
address 


Bit number _|[31/30}29!28}27}26}25|24}23/22121 20h oli8ht7i16[15114} 1312 tolo|si7ieisi4i3i2 
Bit field name TXSN | TXSM 


Initial value 


| 
R/ ee eS | es es RW 
| 


000010000000 | 000010000000 


This register specifies the texture size (m, n). 


Bit 12 to 0 TXSM (Texture Size M) 


Sets horizontal texture size. Any power of 2 between 4 and 4096 can be used. 
Values that are not a power of 2 cannot be used. 


0_0000_0000_0100 M=4 0_0010_0000_0000 M=512 

0_0000_0000_1000 M=8 0_0100_0000_0000 M=1024 
0_0000_0001_0000 M=16 0_1000_0000_0000 M=2048 
0_0000_0010_0000 M=32 1_0000_0000_0000 M=4096 


0_0000_0100 0000 M=64 
0_0000_1000_0000 M=128 
0_0001_0000 0000 M=256 Other than the above — Setting disabled 


Bit 28 to 16 TXSN (Texture Size N) 


Sets vertical texture size. Any power of 2 between 4 and 4096 can be used. Values 
that are not a power of 2 cannot be used. 


0_0000_0000_0100 N=4 0_0010_0000_0000 N=512 

0_0000_0000_ 1000 N=8 0_0100_0000_0000 N=1024 
0_0000_0001_0000 N=16 0_1000_0000_0000 N=2048 
0_0000_0010_0000 N=32 1_0000_0000_0000 N=4096 


0_0000_0100_0000 N=64 
0_0000_1000_0000 N=128 
0_0001_ 0000 0000 N=256 Other than the above Setting disabled 
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TIS (Tile Size) 
Register 
address 

Bit number 


DrawBaseAddress + 4684 


R 
Initial value 


Bit 6 to 0 TISM (Title Size M) 
Sets horizontal tile size. 
are not a power of 2 cannot be used. 
0.000100 M=4 
0001000 M=8 
0010000 M=16 
0100000 M=32 
1000000 M=64 
Other than Setting disabled 
the above 
Bit22to16 —_TISN (Title Size N) 


Sets vertical tile size. 
not a power of 2 cannot be used. 


0000100 N=4 

0001000 N=8 

0010000 N=16 

0100000 N=32 

1000000 N=64 

Other than Setting disabled 
the above 


TOA (Tiling Offset address) 


Register DrawBaseAddress + 46Cy 
address 


| Bit number _|[31}30}29]28]27}26|25f24}23}22}21 J20}19}19f17]16]15]14]13/12114J10] 9 [8 {7 ]6fsf4{3{2]4 fo! 
pO 


Bit field name 


R/W 


Ww 
1000000 


This register specifies the tile size (m, n). 


Any power of 2 between 4 and 64 can be used. 


31 130129128127 126125124123 122121 12011911811 7161541321019 F876 rs t4 1342 


TISM 
1000000 


Any power of 2 between 4 and 64 can be used. Values that 


Values that are 


Initialvalue PO oritcare 


This register sets the texture buffer offset address. 


Using this offset value, texture patterns can be 


referred to the texture buffer memory. TOA is used for only the tiling drawing, and is not used for 


referring the texture pattern. 
Specify the word-aligned byte address (16 bits). 
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SHO (SHadow Offset) 
Register 
address 

Bit number  1131/30129}28127126|25124123129101 lOOHONBH 7HEHSH4N SHON INOLOTBT7ZIGI514131211 10 


SHOFFS 


DrawBaseAddress + 4704 


Initial value 


This register sets the offset address of the shadow relative to the body primitive at drawing with shadow. 


At body drawing, this offset address is set to “0”; at shadow drawing, the offset address calculated from each 
offset value of the X coordinates and of the Y coordinates is set. This register is hardware controlled. 


ABR (Alpha map Base) 
Register 
address 


| Bitnumber ||31/30}29!28!27126/25!oalastoatotlooliolali7ielisti4tisii2iiitoloisi7tiei5i4i3{i2t1to 


Bitfieldname| 
| RW | 
Initialvalue | sd 


This register sets the base address of the alpha map. 
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FC (Foreground Color) 


Register | prawBaseAddress + 4801 
address 
Bit number 1131 {301291281271261251a4la3ZID01D 1 IOOH OHS 7HG61SN4HSN2H1HOLOTSI7I6 151443121110 


FGC8/16 


eee: : eee 


This register sets the drawing foreground color. This color is for the object color for flat shading and foreground 
color for bitmap drawing and broken line drawing. All bits set to “1” are drawn in the color set at this register. 


8 bit color mode: 
Bit 7 to 0 FGC8 (Foreground 8 bit Color) 


Sets the indirect color for the foreground (color index code). 


Bit 31 to 8 These bits are not used. 


16 bit color mode: 
Bit 15 to 0 FGC16 (Foreground 16 bit Color) 


This field sets the 16-bit direct color for the foreground. 
Note that the handling of bit 15 is different from that in ORCHID. 


Up to ORCHID, bit 15 is “O” for other than bit map and rectangular drawing, but starting 
with CORAL, the setting value is reflected in memory as is. This bit is also reflected in 
bit 15 of the 16-bit color at Gouraud shading. 


Bit31to16 These bits are not used. 
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BC (Background Color) 


Register DrawBaseAddress + 4844 
address 


Bit number _|[31130129128127126125124123122121 120119118117416|15|1411311241 W098 7161514131211 10 


BGC8/16 


This register sets the drawing frame background color. 


re ees 


This color is used for the background color of bitmap 


drawing and broken line drawing. At bitmap drawing, all bits set to “O” are drawn in the color set at this register. 


BT bit of this register allows the background color of be transparent (no drawing). 


8 bit color mode: 


Bit 7 to 0 BGC8 (Background 8 bit Color) 


Sets the indirect color for the background (color index code) 


Bit 14 to 8 Not used 


Bit 15 BT (Background Transparency) 


Sets the transparent mode for the background color 


0 Background drawn using color set for BGC field 


1 Background not drawn (transparent) 


Bit31 to 16 Notused 


16 bit color mode: 


Bit 14 to 0 BGC16 (Background 16 bit Color) 


Sets 16-bit direct color (RGB) for the background 


Bit 15 BT (Background Transparency) 


Sets the transparent mode for the background color 


0 Background drawn using color set for BGC field 


1 Background not drawn (transparent) 


Bit31to 16 Notused 
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ALF (Alpha Factor) 


Register DrawBaseAddress + 4884 
address 


Bit number 31 130129128127126125124123122121 12011911841 711611511411311 21111101 918 | 7161514131241 410 


Bit field name 
| RW 
Initial value 


This register sets the alpha blending coefficient. 


BLP (Broken Line Pattern) 


Register DrawBaseAdaress + 48Cy 
address 


31 130129128127126125124123122101 OOH ONBH7HEHSH4NSH2NINOLOTSTT7IGIS 1413424140 
Bit field name | 
| RW | 

Initial value 0 


This register sets the broken-line pattern. The bit 1 set in the broken-line pattern is drawn in the foreground color 
and bit 0 is drawn in the background color. The line pattern for 1 pixel line is laid out in the direction of MSB to 
LSB and when it reaches LSB, it goes back to MSB. The BLPO register manages the bit numbers of the 
broken-line pattern. 32 or 24 bits can be selected as the repetition of the broken-line pattern by the BP bit of the 
MDR1 register. When 24 bits are selected, bits 23 to 0 of the BLP register are used. 


TBC (Texture Border Color) 


Register DrawBaseAddress + 49414 
address 


31130129128127126125124123122121 12011 911811 7116/15/14 3H 2H 1HOLOTSt7T1E151413124110 


Bit field name BC8/16 
1 (|| 
| Initialvalue PO 


This register sets the border color for texture mapping. 


8 bit color mode: 
Bit 7 to 0 BC8 (Border Color) 
Sets the 8-bit direct color for the texture border color 


16 bit color mode: 
Bit 15 to 0 BC16 (Border Color) 
Sets the 16-bit direct color for the texture border color 
Bit15 is used for controlling a stencil and stencil alpha 


BLPO (Broken Line Pattern Offset) 


Register DrawBaseAdaress + 3E0y 
address 


Bit number_|[31 |s0j29j28]27j26j25jo4josjoaio1joojrofie}t7prefisfi4tiafiatiifiofo fe t7 ie {5 |4]3 421 fo | 
Bit field name 


[Ra aa 
RW 
a a 


11111 


This register stores the bit number of the broken-line pattern set to BLP registers, for broken line drawing. This 
value is decremented at each pixel drawing. Broken line can be drawn starting from any starting position of the 
specified broken-line pattern by setting any value at this register. 


Initial value 


When no write is performed, the position of broken-line pattern is sustained. 
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PNBPI (Pixel Number of Broken line pattern Pointer Inter lock) 


Register 
address 
Bit number 3143012912812712612512412312012 1 12011911811 7116|15| 1411311 2H THOIOTBI7TIGI5S14131211 10 


DrawBaseAddress + 28Cy 


aw [ 


Initial value 00000 


PN 
W 


This register is valid when BC(16bit)=1 of the GMDRI1E register, and determines how many pixels should be fixed 
before and behind reference address of broken-line pattern(broken-line pointer). The recommended value is same as 
the line width. 
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11.2.7 Triangle drawing registers 


Each register is used by the drawing commands. The registers cannot be accessed from the CPU or 


using the SetRegister command. 


(XY coordinates register) 


Register | Address||3 1 13012912812 7126125124 12312212 11201 9H 811 7H1 él SHAN SH2HTHOLO TB E7HEH5 1413121110 


Address Offset value from DrawBaseAddress 


Ss Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets (X, Y) coordinates for triangle drawing 


Ys Y coordinates start position of long edge 

Xs X coordinates start position of long edge corresponding to Ys 

dXdy X DDA value of long edge direction 

XUs X coordinates start position of upper edge 

dXUdy X DDA value of upper edge direction 

XLs X coordinates start position of lower edge 

dXLdy X DDA value of lower edge direction 

USN Count of spans of upper triangle. _ If this value is “O”, the upper triangle is not drawn. 
LSN Count of spans of lower triangle. _ If this value is “O”, the lower triangle is not drawn. 
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(Color setting register) 


Address Offset from DrawBaseAddress 


S) Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets color parameters for triangle drawing. These parameters are enabled in the Gouraud shading 
mode. 


Rs R value at (Xs, Ys, Zs) of long edge corresponding to Ys 
dRdx R DDA value of horizontal direction 

dRdy R DDA value of long edge 

Gs G value at (Xs, Ys, Zs) of long edge corresponding to Ys 
dGdx G DDA value of horizontal direction 

dGdy G DDA value of long edge 

Bs B value at (Xs, Ys, Zs) of long edge corresponding to Ys 
dBdx B DDA value of horizontal direction 

dBdy B DDA value of long edge 

As Alpha value at (Xs, Ys, Zs) of long edge corresponding to Ys 
dAdx Alpha DDA value of horizontal direction 

dAdy Alpha DDA value of long edge 


(Z coordinates register) 
Register |Address|| 31 029282 7126125124 12312212 1120H OH BH 7H 6H 51144131121 1HOLO L817 161514131211 10 


Zs_ |0080h]] 0 Int Frac 


Address Offset from DrawBaseAddress 


S) Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets Z coordinates for 3D triangle drawing 


Zs Z coordinate start position of long edge 
dZdx Z DDA value of horizontal direction 
dZdy Z DDA value of long edge 
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(Texture coordinates-setting register) 


Register | Address||3 113012912812 7126125124 12312212 1 12011 911 811 711 6H 51411 321111019 181716151413 120110 
1S} 1 Frac 


Address Offset from DrawBaseAddress 


S) Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets texture coordinates parameters for triangle drawing 


Ss S texture coordinates (Xs, Ys, Zs) of long edge corresponding to Ys 

dSdx S DDA value of horizontal direction 

dSdy S DDA value of long edge direction 

Ts T texture coordinates (Xs, Ys, Zs) of long edge corresponding to Ys 

dTdx T DDA value of horizontal direction 

dTdy T DDA value of long edge direction 

Qs Q (Perspective correction value) of texture at (Xs, Ys, Zs) of long edge corresponding to Ys 
dQdx Q DDA value of horizontal direction 

dQdy Q DDA value of long edge direction 
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11.2.8 Line drawing registers 


(XY Coordinates setting register) 


Each register is used by the drawing commands. The registers cannot be accessed from the CPU or by 
using the SetRegister command. 
Register [Address 31 popepepresbsb bape 201 oft aft 7h oft 5h 4f1 aft 2H 1f1 of 9 | iB [7[6[5[4[3[2[1[o 
LPN |0140, Int 
Lxs_|01441 a 


LY¥s_[014cy sisisis| mae 


(Z Coordinates setting register) 


Each register is used by the SetRegister commands. The registers cannot be accessed from the CPU. 
Register |Address|| 31 {3012912812 7126125124 12312212 112011 OH BH 7H 61511441311 211 1019 181716151413121 110 


LZs |0154y]) S Int Frac 
PSP nt rr 
Address Offset from DrawBaseAddress 
S) Sign bit or sign extension 
0 Not used or 0 extension 
Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets coordinates parameters for line drawing 


LPN Pixel count of principal axis direction 


LXs X coordinates start position of draw line 
(In principal axis X) Integer value of X coordinates rounded off 


(In principal axis Y) X coordinates in form of fixed point data 


LXde Inclination data for X coordinates 
(In principal axis X) Increment or decrement according to drawing direction 
(In principal axis Y) Fraction part of DX/DY 


LYs Y coordinates start position of draw line 
(In principal axis X) Y coordinates in form of fixed point data 


(In principal axis Y) Integer value of Y coordinates rounded off 


LYde Inclination data for Y coordinates 
(In principal axis X) Fraction part of DY/DX 
(In principal axis Y) Increment or decrement according to drawing direction 


LZs Z coordinates start position of line drawing line 


LZde Z Inclination 
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11.2.9 Pixel drawing registers 


Each register is used by the drawing commands. The registers cannot be accessed from the CPU or 
using the SetRegister command. 


Register | Address 31029} 8127 efa5iaalaai2ale 1 feof oft sft 7/1 641 5H 4f1 ft 2H 1H of 9t 8 [7] [6] [5] [4] [3] [2] 1] lo 


Pxde (0180, 0 {0/00 Int 
rPvac |0isay) {00} o[ in? 


PZde ]o1se.fOfopogo; Int 


Address Offset from DrawBaseAddress 

Ss Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets coordinates parameter for drawing pixel. The foreground color is used. 


PXdc Sets X coordinates position 
PYdc Sets Y coordinates position 
PZdc Sets Z coordinates position 


11.2.10 Rectangle drawing registers 


Each register is used by the drawing commands. The registers cannot be accessed from the CPU or 
using the SetRegister command. 


Register |Address||31 BOI 8.272625 [24|e3[22}2 1[20f1 oft aft 7[1 6i1 5[1 4f1 sft 2h 11 of 9 [8 | 7[6][5[4]3[2]1 fo 


RXs |02004 0 fo}olo Int 


RYs [02041 ro foto foi > 
fo fot ofo [int > 


RsizeY|O20cHOfOfOfO] nt, 


Address Offset from DrawBaseAddress 

Ss Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets coordinates parameters for rectangle drawing. The foreground color is used. 


RXs Sets the X coordinates of top left vertex 
RYs Sets the Y coordinates of top left vertex 
Rsizex Sets horizontal size 

RsizeY Sets vertical size 
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11.2.11 BIt registers 


Sets the parameters of each register as described below: 


e Set the Tcolor register with the SetRegister command. 
Note that the Tcolor register cannot be set at access from the CPU and by drawing commands. 


e Each register except the Tcolor register is set by executing a drawing command. 
Note that access from the CPU and the SetRegister command cannot be used. 


fofoyofo] mt OS 
fofojojojojojof Adress 
ee | 


DAXs [ozs8.ofofofo| inn ——s«d SSC SCS 
TDRYs [o2cxJofofofo| im ———~+4| —SSSC—CSCS 
farsizox| 02604] 0f0f0f0| In ———~+| SSSSCSC—S—CSCS 
farsizey [0264] 0f0f0}0| Im +| Ss COCSCS 
Froar [osu ———SSCSSCSCSCSC~CSCSSSSCSCSCSC~C~SCS lr SSCSCS~S 


Address Offset from DrawBaseAddress 


S) Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets parameters for Blt operations 


SADDR Sets start address of source rectangle area in byte address 
SStride Sets stride of source 
SRXs Sets X coordinates start position of source rectangle area 
SRYs Sets Y coordinates start position of source rectangle area 
DADDR Sets start address of destination rectangle area in byte address 
DStride Sets stride of destination 
DRXs Sets X coordinates start position of destination rectangle area 
DRYs Sets Y coordinates start position of destination rectangle area 
BRsizeX Sets horizontal size of rectangle 
BRsizeY Sets vertical size of rectangle 
Tesi Sets transparent color 

For indirect color, set a palette code in the lower 8 bits. 
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11.2.12 High-speed 2D line drawing registers 


Each register is used by the drawing commands. The registers cannot be accessed from the CPU. 


Register | Address}|3 1 012912812 7126125 12412312212 112011 9H 87H AL 511411311211 111019 Bt 1716151413121110 


LX0dc [0540ul| 0 1010 $0 Int 
Lyodc|os44nfofoyoro; Int’ SP 
Lxidclos4ayfofoforo] Int’, S| 


L¥idc|o54cufojosopo] Int. SP 


Address Offset from DrawBaseAddress 

S) Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets coordinates of line end points for High-speed 2DLine drawing 


LXOdc Sets X coordinates of vertex VO 
LYOdc Sets Y coordinates of vertex VO 
LX1dc Sets X coordinates of vertex V1 
LY1dc Sets Y coordinates of vertex V1 
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11.2.13 High-speed 2D triangle drawing registers 


Each register is used by the drawing commands. The registers cannot be accessed from the CPU or 
using the SetRegister command. 


Register Address [31 80/29} 8127 efa5iaalaai2ale 1 feof oft sft 7/1 641 5H 4f1 ft 2H 1H of 9t 8 [7] [6] [5] [4] [3] [2] 1] lo 


Xode [0580h|0/ofolo Int 

Prot seen ffi 
[Xie ]o58sho}ofoyo} Int 
|Yide [osschfojofofo] nt SP 


X2de |0590h|0}0}0| ee ae 
Yade [oso4nforoioro] nt 


Address Offset from DrawBaseAddress 

S) Sign bit or sign extension 

0 Not used or 0 extension 

Int Integer or integer part of fixed point data 
Frac Fraction part of fixed point data 


Sets coordinates of three vertices for High-speed 2DTriangle drawing 


XOdc Sets X coordinates of vertex VO 
YOdc Sets Y coordinates of vertex VO 
Xidce Sets X coordinates of vertex V1 
Yidce Sets Y coordinates of vertex V1 
X2dc Sets X coordinates of vertex V2 
Y2dc Sets Y coordinates of vertex V2 
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11.2.14 Geometry control register 


GCTR (Geometry Control Register) 


Register 
GeometryBaseAddress + 004 


Bit number _|]31 130129128127126125124123122121 12011911 8H 711611511401 S21 1019 Bt 7 1615144131241 10 


Reserved __{Fo]_Rev_|_FCNT _[neffrfrél Rsv { GS | Rsv | SS | Rev} PS _ 


PRX ext RX [RX axfrxlax| Ax | R | RX | R | RX | 


OC 


The flags and status information of the geometry section are reflected in this register. 
Note that the flags and status information of the drawing section are reflected in CTR. 


Bit1 andO PS (Pixel engine Status) 
Indicates status of pixel engine unit 
00 Idle 
01 Processing 
10 Reserved 


11 Reserved 


Bit5and4 SS (geometry Setup engine Status) 
Indicates status of geometry setup engine unit 
00 Idle 
01 Processing 
10 Processing 


11 Reserved 


Bit9and8 GS (Geometry engine Status) 
Indicates status of geometry engine unit 
00 Idle 
01 Processing 
10 Reserved 


11 Reserved 


Bit 12 FE (FIFO Empty) 
Indicates whether the data is contained in display list FIFO (DFIFOD) 
0 Data in DFIFOD 
1 No data in DFIFOD 


Bit 13 FF (FIFO Full) 
Indicates whether display list FIFO (DFIFOD) is full or not 
0 DFIFOD not full 
1 DFIFOD full 
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Bit 14 NF (FIFO Near Full) 
Indicates free space in display list FIFO (DFIFOD) 
0 More than half of DFIFOD free 
1 Less than half of DFIFOD free 


Bit 20to 15 FCNT (FIFO Counter) 
Indicates count of free stages (0 to 1000003) of display list FIFO (DFIFOD) 


Bit 24 FO (FIFO Overflow) 
Indicates whether FIFO overflow occurred 
0 Normal 
1 FIFO overflow 
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11.2.15 Geometry mode registers 


The SetRegister command is used to write values to geometry mode registers. The geometry mode 
registers cannot be accessed from the CPU. 


GMDRO (Geometry Mode Register for Vertex) 


Register 
address GeometryBaseAddress + 404 


| Bit number |[31130}29!28127}26125 fo4t23i20101 12011911811711641511411341211 111019 $8 | 7/615 [4/3] 2] 1 [0] 
cr| DF | |st[z|c]F | 


a aa | 
a 
eT, 


}o| oo | Jojojofo) 


This register sets the types of parameters input as vertex data and the type of projective 
transformation. 


Bit 7 CF (Color Format) 
Specifies color data format 
0 Independent RGB format / Packed RGB format 


1 Reserved 


Bit6and5 DF (Data Format) 
Specifies vertex coordinates data format 


00 Specifies floating-point format (Only independent RGB format can be used as color 
data format.) 


01 Specifies fixed-point format (Only packed RGB format can be used as color data 
format.) 


10 Reserved 


11. Specifies packed integer format (Only packed RGB format can be used as color 
data format.) 


[oo [Faing-pointfomat + naeperdort RGB format 


foo [Reseed 
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Bit 3 


Bit 2 


Bit 1 


Bit 0 


ST (texture S and T data enable) 
Sets whether to use texture ST coordinates 
0) Not use texture ST coordinates 


1 Uses texture ST coordinates 


Z (Z data enable) 
Sets whether to use Z coordinates 
0) Not use Z coordinates 


1 Uses Z coordinates 


C (Color data enable) 
Sets whether to use vertex color 
0 Not use vertex color 


1 Uses vertex color 


F (Frustum mode) 

Sets projective transformation mode 

Work only for C=0,Z=0 and ST=0 (XY only vertex) mode 
0 Orthogonal projection transformation mode 


1 Perspective projection transformation mode 
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GMDR1 (Geometry Mode Register for Line) 
Register 
address 

Bit number ||31}30}29}28127!26 25124 lo3io0101 loolioliali7iiesii4iisii2ii1io19isi7i6|5/4/3/2]1]0] 


Bit field name 


GeometryBaseAddress + 444 


R/W 
This register sets the geometry mode at line drawing. This register is sharing hardware with GMDR1E, 
so that if GMDR1 is changed, the same bit of GMDR1E is also changed. 


Bit 4 BO (Broken line Offset) 
Sets broken line reference position 
0 Broken line reference position not cleared 
1 Broken line reference position cleared 

Bit 2 EP (End Point mode) 


Sets end point drawing mode 
Note that the end point is not drawn in line strip. 
0 End point not drawn 


1 End point drawn 


Bit 0 AA (Anti-alias mode) 
Sets anti-alias mode 
0 Anti-alias not performed 


1 Anti-alias performed 
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GMDR1E (Geometry Mode Register for Line Extension) 


(SetGModeRegister) 


Bit number _|[31430}29128127126125 124123122121 12011911811 7411641511411 341211 1110 I5[4]3[2]1 [0] 


eof ro} fc] uwfenafro] ese] [0] fer] al 


R/W 


Initial value 


This register sets the geometry processing extended mode at line drawing. 
The CORAL extended function can be used only when the C, Z, and ST fields of GMDRO are “O”. 


This register is sharing hardware with GMDR1, so that if GMDR1E is changed, the same bit of GMDR1 
is also changed. 


Bit31 PO (Primitive Order control) 
Sets the drawing control mode for the main, the border, and the shadow primitive. 


Recommend to set main bit=1 in anti-aliasing and blending. 


0 Draws the order of, main->border->shadow(performance is regarded as important) 
{ Draws the order of , shadow->border->main(blending affect is regarded as important) 


Bit30 LV (Line Version control) 
Specify the Coral line’s algorithm version. 
V2.0 is improvement version from V1.0. Recommend V2.0. 
0 Version 1.0 ( for backward compatibility ) 


1 Version 2.0 (Recommended) 


Bit 20 TC (Thick line Correct) 


Sets the interpolation mode for the bold line joint 
0 Interpolation of bold lien joint not performed 
4 Interpolation of bold line joint performed (valid for only CORAL line) 


Bit 16 BC (Broken line Correct) 


Sets the interpolation mode for the dashed-line pattern 
0 Interpolation not performed 


Interpolation performed using dashed-line pattern reference address fixed mode 
(valid for only CORAL line) 


Bit 14 UW (Uniform line Width) 
Sets the line width equalization mode 
0 Equalization of line width not performed 


1 Equalization of lien width performed (valid for only CORAL line) 


Bit 13 BM (Broken line Mode) 
Sets the dashed-line pattern mode 
0  Dashed-line pattern pasted vertical to principal axis of line (compatible with 
CREMSON) (valid for only CREMSON line) 


1 Dashed-line pattern pasted vertical to theoretical line 


Bit 12 TM (Thick line Mode) 
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Sets the bold line mode 
0 _ Bold line drawn vertical to principal axis of line (compatible with CREMSON) 
(CREMSON line) 
Operation is not assured when TM=0 is used together with TC-1, SP=1, or BP=1. 
1 Bold line drawn vertical to theoretical line. (CORAL line) 


Operation is not assured when TM=1 is used together with BM=0. 


Bit 9 BP (Border Primitive) 

Sets the drawing mode for the border primitive 

0 _ Border primitive not drawn 

1 Border primitive drawn (valid for only CORAL line) 
Bit 8 SP (Shadow Primitive) 


Sets the drawing mode for the shadow primitive 


0 Shadow primitive not drawn 
{ Shadow primitive drawn (valid for only CORAL line) 


Bit 4 BO (Broken line Offset) 

Sets the reference position of the dashed-line pattern 

0 Reference position of dashed-line pattern cleared 

{ Reference position of dashed-line pattern not cleared 
Bit 2 EP (End Point mode) 


Sets the drawing mode for the end point 
Note that the end point is always not drawn in line strip(CREMSON line(TN=0)) 


0 End point not drawn 
1 End point drawn 


Bit 0 AA (Anti-alias mode) 


Sets anti-alias mode 


0 Anti-alias not performed 
1 Anti-alias performed 


GMDR2 (Geometry Mode Register for Triangle) 


Register address GeometryBaseAddress + 48x 
31}30}29128127126125}2412312212 112011911811 741611511441311241 111019181716 [5/4/32] 1[0| 


Bitfieldname i t 
a 01] 
oF 0 


This register sets the geometry processing mode when a triangle is drawn. 


Drawing performed using commands in range from G_Begin/G_BeginCont to G_End 


Bit 2 FD (Face Definition) 
Sets the face definition 
0 Face defined as state with vertexes arranged clockwise 


1 Face defined as state with vertexes arranged counterclockwise 
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Bit 0 CF (Cull Face) 
Sets the drawing mode of the back 
0 Back drawn 


1 Back not drawn (value disabled for polygons) 
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GMDR2E (Geometry Mode Register for Triangle Extension) 


Register address||(SetGModeRegister) 
31130}29128127 la6tasioglosioaiorloolioliali 7ii6el1sii4iisiv2ii1ii0i9iai7i6(5|4/3[2]1]0| 


Bit field name 
Initial value 


This register sets the geometry processing extended mode at triangle drawing. 


In case of TL=1 with texture mapping, please set perspective correction. 


Non-top-left-part’s pixel quality is less than body. (using approximate calculation) 


Bit 10 TL (Top-Left rule mode) 
Sets the drawing algorithm 
0 Top-left rule applied (compatible with CREMSON) 
1 Top-left rule not applied 


Bit 8 SP (Shadow Primitive) 
Sets the drawing mode for the shadow primitive 
0 Shadow primitive not drawn 


1 Shadow primitive drawn 


Bit 2 FD (Face Definition) 
Sets the face definition 
0 Face defined as state with vertexes arranged clockwise 


1 Face defined as state with vertexes arranged counterclockwise 


Bit 0 CF (Cull Face) 
Sets the drawing mode of the back 
0 Back drawn 


1 Back not drawn (value disabled for polygons) 
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11.2.16 Display list FIFO registers 


DFIFOG (Geometry Displaylist FIFO with Geometry) 


Register 
Geometry BaseAddress + 400, 


Bit number |[31130129128127 126125124 123122121 12011911811 711611511401 Sti 21111019 1B r7 16151413121 10 


Bit field name 
PR 
Initial value 


FIFO registers for Display List transfer 
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12 TIMING DIAGRAM 


12.1 Host Interface 


12.1.1 CPU read/write timing diagram in SH3 mode (Normally Not Ready 
Mode) 


( MODE[2:0]=000, RDY_MODE=0, BS_MODE=0) 
T1 Tswi Thw1 T2 T1 Tswi Thw1 | Thw2 | Thw3 


Al24:2] } 


gee 
=a 
= 


se] XRD 
© 
oO 
z { D[31:0 : 
= [31:0] 
2 ( XWEB:0] 
= : : 
2 D[31:0] Valid Data IN xX Valid Data IN 
. Cc 
ot eas pe 
wy wy, 


SoftWait HardWait NotWait SoftWait HardWait HardWait HardWait Not Wait 


O: XWATT sampling in SH3 mode 
x: Soft Wait (1 cycle) in SH3 mode 


T1: Read/write start cycle (XRDY in wait state) 


Tsw*: Software wait insertion cycle (1 cycle setting) 
Thw*: Hardware wait insertion cycle (XRDY cancels the wait state after the preparations) 


T2: Read/write end cycle (XRDY ends in wait state) 


Fig. 10.1 Read/Write Timing Diagram for SH3 (Normally Not Ready Mode) 
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12.1.2 CPU read/write timing diagram in SH3 mode (Normally Ready Mode) 


( MODE[2:0]=000, RDY_MODE=1, BS_MODE=0) 


At Write At Read 


BCLKI 
A[24:2] 
XCS 
XBS 
XRD 
{ D[31:0] Z 
{ XWEI3:0] ae 
D(31:0) 
XWAIT Ny, ; 


oD 
WD 
SoftWait SoftWait NotWait SoftWait SoftWait HardWait HardWait NotWait 


O: XWAITT sampling in SH3 mode 
x! Soft Wait (2 cycles) in SH3 mode 


T1: Read/write start cycle (XRDY in not wait state) 

Tsw*: Software wait insertion cycle (2-cycle setting required) 

Thw*: Hardware wait insertion cycle (In hardware state when the immediate accessing is disabled) 
T2: Read/write end cycle (XRDY ends in not wait state) 


Fig. 10.2 Read/Write Timing Diagram for SH3 (Normally Ready Mode) 
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12.1.3. CPU read/write timing diagram in SH4 mode (Normally Not Ready 


Mode) 


( MODE[2:0]=001, RDY_MODE=0, BS_MODE=0) 


T1 Tswi Thw1 T2 T1 Tsw1 Thw1 
A(24:2] N 
XCS 
XBS 
se) { XRD 
rg 
“ 0431-0) aid 
= 
D131:0 pe a 
CIN (TN CIN CIN 
XRDY pa YK a, ae a rs ae 
Ny, 


T1: 


SoftWaiit HardWait Ready 


Tsw*: Software wait insertion cycle (1 cycle) 
Twh*: Hardware wait insertion cycle (XRDY asserts Ready after the preparations) 


T2: 


SoftWait HardWait HardWait HardWait Ready 


O: XRDY sampling in SH4 mode 
x: Soft Wait (1 cycle) in SH4 mode 


Read/write start cycle (XRDY in the not ready state) 


Read/write end cycle (XRDY ends in not ready state) 


Fig. 10.3 Read/Write Timing Diagram for SH4 Mode (Normally Not Ready Mode) 
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12.1.4 CPU read/write timing diagram in SH4 mode (Normally Ready Mode) 
( MODE[2:0]=001, RDY_MODE=1, BS_MODE=0) 


T1 Tswi Tsw2 
alee are 
XBS | 
Hi-Z 


me) 

By XRD 

or i 
< D[31:0] 


2 XWE3:0] 
= 31:0 
= D[31:0] 


XRDY 


~ <a Valid Data OUT 
Ld 


SoftWaiit SoftWait Ready SoftWait SoftWait HardWait HardWait Ready 


©: XRDY sampling in SH4 mode 
x! Soft Wait (2 cycles) in SH4 mode 


T1: Read/write start cycle (XRDY in ready state) 

Tsw*: Software wait insertion cycle (2-cycle setting required) 

Twh*: Hardware wait insertion cycle (XRDY asserts Ready after the preparations) 
T2: Read/write end cycle (XRDY ends in ready state.) 


Fig. 10.4 CPU Read/Write Timing Diagram for SH4 Mode (Normally Ready Mode) 
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12.1.5 CPU read/write timing diagram in V832 mode (Normally Not Ready 


Mode) 
( MODE[2:0]=010, RDY_MODE=0, BS_- MODE=0) 
T1 Tsw1 Thw1 T2 T1 Tsw1 Thw1 | Thw2 | Thw3 | T2 
i a ee ee 
Al23:2] ee ee ee ee ee ee ee ee ee 
Ms ee ee 
__ Be Pt tt dy 
3 | xvancxiord) c 
rd a a re ae pe a5 
zl asta en ae ai Data 
anon “TREE TET 
S J nooo = a | | | a 
& mz i a ee 
[31:0] ValidDataN [>< | | | ValidDataN [| pp 
XREADY HZ WD as ND, ND, Dy A TZ 
WD W 
SoftWaiit HardWait Ready SoftWait HardWait HardWait HardWait Ready 


O: XREADY sampling in V832 mode 
T1: Read/write start cycle (XREADY in not ready state) x: Soft Wait (1 cycle) in V832 mode 
Tsw*: Software wait insertion cycle 
Twh*: Hardware wait insertion cycle (XREADY asserts Ready after the preparations) 
T2: Read/write end cycle (KREADY ends in not ready state) 


Notes: 1.The XxxBEN signal is used only for a write from the CPU; it is not used for a read from the 
CPU. 


2.The CPU always inserts one cycle wait after read access. 


Fig. 10.5 Read/Write Timing Diagram in V832 Mode (Normally Not Ready Mode) 
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12.1.6 CPU read/write timing diagram in V832 mode (Normally Ready 
Mode) 


( MODE[2:0]=010, RDY_MODE=1, BS_MODE=0) 
T1 Tswi Tsw2 T2 T1 Tswi Tsw2 | Thw1 | Thw2 
BCLKI 
A[23:2] 
XCS 


XBCYST 


At Read 
ao 

x< 
Pe: 
o x 
Sg 


@ | XMWRCXIOWR) 
= J XXXBEN3.0) 
& | | 
D{31:0] c| Valid DataN 
Ny, 


SoftWaiit SoftWait Ready SoftWait SoftWait HardWait HardWait Ready 


O: XREADY sampling in V832 mode 
x1 Soft Wait (2 cycles) in V832 mode 


T1: Read/write start cycle (XREADY in ready state) 

Tsw*: Software wait insertion cycle (2-cycle setting required) 

Twh*: Hardware wait insertion cycle (XREADY asserts Ready after the preparations) 
T2: Read/write end cycle (XREADY ends in ready state) 


Notes: 1.The XxxBEN signal is used only for a write from the CPU; it is not used for a read from the 
CPU. 


2.The CPU always inserts one cycle wait after read access. 


Fig. 10.6 Read/Write Timing Diagram in V832 Mode (Normally Ready Mode) 
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12.1.7 CPU read/write timing diagram in SPARClite (Normally Not Ready 
Mode) 


( MODE[2:0]=011, RDY_MODE=0, BS_MODE=0) 


T1 Tsw1 Thw1 


CLKINI i Ud 
ADRI23:2] Ean ES 
= 
~ (ce ee 
co} a 
% RDWR# 
ex | , . 
zL Ost: << X Valid Data 
; 
@ RDWR# 
S<  BES:01 _ 
z es 
a D[31:0] Valid Data IN » 
a a 


T\ 
READY# WY A 
Y 


SoftWaiit HardWait Ready SoftWait HardWait HardWait HardWait Ready 


O: READY# sampling in SPARClite 
x! Soft Wait (1 cycle) in SPARClite 


T1: Read/write start cycle (READY# in not ready state) 

Tsw*: Software wait insertion cycle 

Twh*: Hardware wait insertion cycle (READY# asserts Ready after the preparations) 

T2: Read/write end cycle (READY# ends in not ready state) 

Note: BE# signal is used only for a write from the CPU; it is not used for a read from the CPU. 


Fig. 10.7 Read/Write Timing Diagram in SPARClite (Normally Not Ready Mode) 
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12.1.8 CPU read/write timing diagram in SPARClite (Normally Ready Mode) 


( MODE[2:0]=011, RDY_MODE=1, BS_MODE=0) 


Tsw1 | Thw1 | Thw2 | T2 


or 


T1 Tsw1  Tsw1 T1 


CLKINI 


ADR[23:2] 


ee 
== 


= 
= 


mee a 
TT = 
= = 
== _ 


in 
eA 

= D[31:0] Valid Data Valid Data 
qt 


2 
Si BE#(3:0] 
= 


D[31:0] 


HEE 


cD cD 
W WD 
SoftWaiit SoftWait Ready SoftWait HardWait HardWait HardWait Ready 


REA DY# 


O: READY# sampling in SPARClite 
x: Soft Wait (1 cycle) in SPARClite 
T1: Read/write start cycle (READY# in ready state) 
Tsw*: Software wait insertion cycle (2-cycle setting required) 
Twh*: Hardware wait insertion cycle (READY# asserts Ready after the preparations) 
T2: Read/write end cycle (READY# ends in ready state) 
Note: BE# signal is used only for a write from the CPU; it is not used for a read from the CPU. 


Fig. 10.8 Read/Write Timing Diagram in SPARClite (Normally Ready Mode) 
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12.1.9 SH4 single-address DMA write (transfer of 1 long word) 


i Ae eet yy 
D[31:0] = 
rt \ pt wan 
W WD 
DRACK ri i Acceptance 


DTACK 


ae 
Bus cycle | = [ | CPU 


O: DREQ sampling and channel priority determination for SH mode (DREQ = level detection) 


“1: In the cycle steal mode, even when DREQ is already asserted at the 2nd DREQ sampling, the 
right to use the bus is returned to the CPU temporarily. In the burst mode, DMAC secures the 
right to use the bus unless DREQ is negated. 


Fig. 10.9 SH4 Single-address DMA Write (Transfer of 1 Long Word) 


CORAL writes data according to the DTACK assert timing. When data cannot be received, the DREQ 
signal is automatically negated. And then the DREQ signal is reasserted as soon as data reception is 
ready. 
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12.1.10 SH4 single-address DMA write (transfer of 8 long words) 


- AAA letcleleleletedep EEE 
D[31:0] 
DREC | q q q q D—pP—__ PP to | 


©: DREQ sampling and channel priority determination for SH mode (DREQ = level detection) 


Fig. 10.10 SH4 Single-address DMA Write (Transfer of 8 Long Words) 


After the CPU has asserted DRACK, CORAL negates DREQ and receives 32-byte data in line with the 
DTACK assertion timing. As soon as the next data is ready to be received, CORAL reasserts DREQ 
but the reassertion timing depends on the internal status. 
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12.1.11 SH3/4 dual-address DMA (transfer of 1 long word) 


BCLKIN 
DREG 
Source address Destination address Source address Destination address 
A[24:2] 
Read Write Read Write 


D[31:0] = XX X__X X__X 


For the CORAL, the read/write operation is performed according to the SRAM protocol. 


Fig. 10.11 SH3/4 Dual-address DMA (Transfer of 1 Long Word) 


In the dual-address mode, the DREQ signal is kept asserted until the transfer ends by default. 
Consequently, when CORAL cannot return the ready signal immediately, in order to negate the DREQ 
signal set the DBM register. 


12.1.12 SH3/4 dual-address DMA (transfer of 8 long words) 


BCLKIN 


DREQ 


A[24:2] 


D[31:0] x x am eee x x a KX pares | a | 


For the CORAL, the read/write operation is performed according to the SRAM protocol. 


Fig. 10.12 SH3/4 Dual-address DMA (Transfer of 8 Long Words) 


In the dual-address mode, the DREQ signal is kept asserted until the transfer ends by default. 
Consequently, when CORAL cannot return the ready signal immediately, in order to negate the DREQ 
signal set the DBM register. 
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12.1.13 V832 DMA transfer 


BCLKIN 


DMA RQ 


DMAAK 


Source address Destination address 


Source address Destination address 


A[23:2] 
Write 


D[31:0] 
For the CORAL, the read/write operation is performed according to the SRAM protocol. 


Fig. 10.13 V832 DMA Transfer 


In the dual-address mode, the DREQ signal is kept asserted until the transfer ends by default. 
Consequently, when CORAL cannot return the ready signal immediately, in order to negate the DREQ 


signal set the DBM register. 
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12.1.14 SH4 single-address DMA transfer end timing 


BCLKIN 
D[31:0] 


DREG 


paeecesdaca 
a awe ao 


DRACK | Acceniance | et | Acceptances | 4 


O: 


Last data 


DREQ sampling and channel priority determination for SH mode (DREQ = level detection) 


Fig. 10.14 SH4 Single-address DMA Transfer End Timing 


DREQ is negated three cycles after DRACK is written as the last data. 


12.1.15 SH3/4 dual-address DMA transfer end timing 


For the CORAL, the read/write operation is performed according to the SRAM protocol. 


Fig. 10.15 SH3/4 Dual-address DMA Transfer End Timing 


DREQ is negated three cycles after DRACK is written as the last data. 
Note: When the dual address mode (DMA) is used, the DTACK signal is not used. 
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12.1.16 V832 DMA transfer end timing 


| | | Cp 


For the CORAL, the read/write operation is performed according to the SRAM protocol. 


Fig. 10.16 V832 DMA Transfer End Timing 


DMMAK and XTC are logic ANDed inside CORAL to end DMA. 
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12.1.17 SH4 dual DMA write without ACK 


CLK 


/DREQ 


/BS 


/WE3:0] 


iE 


HL he 


ADDRESS ) SAR ) 
/CS(CORAL) 
Right to use bus CPU ) DMAC ) 


Fig. 10.17 DREQ Negate Timing for Each Transfer 


At each DMA transfer, DREQ is negated and then reasserted at the next cycle. 


Only the FIFO address can be used as the destination address. 


When CORAL can not receive 
data immediately, DREQ 


negation continues. 


While DREQ is issued at each 
write access to CORAL, DREQ 
is negated at every four 
cycles.. 


When CORAL cannot receive data immediately, DREQ negation continues. At that time, the negate 


timing is not only above diagram. 
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12.1.18 Dual-address DMA (without ACK) end timing 


/DREQ | | 


Fig. 10.18 Dual-address DMA (without ACK) End Timing 


Example: DMA operation when DMA transfer performed twice 


(1) The CPU accesses the DREQ issue register (DRQ) of Coral to issue DREQ. 
(2) The right to use bus is transferred from the CPU to the DMAC. 


(3) In the first DMAC cycle, write is performed to CORAL and DREQ is negated; DREQ is reasserted in 
the next cycle. 


(4) The right to use bus is returned to the CPU and the DREQ edge is detected, so the right to use bus is 
transferred to the DMAC. 


(5) The second write operation is performed and DREQ is negated, but DREQ is reasserted because 
CORAL does not recognize that the transfer has ended. 


(6) The right to use bus is transferred to the CPU, so the CPU writes to the DTS register of CORAL to 
negate DREQ. 
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12.2 Graphics Memory Interface | 


The CORAL access timing and graphics memory access timing are explained here. 


12.2.1 Timing of read access to same row address 


MRAS . 


TRCD 
MCAS 


MWE 


ROW: Row Address TRCD: RAS to CAS Delay Time 
COL: Column Address CL: CAS Latency 
DATA: READ DATA 


“Timing when CL2 operating 


Fig. 10.19 Timing of Read Access to Same Row Address 


The above timing diagram shows that read access is made four times from CORAL to the same row 
address of SDRAM. The ACTV command is issued and then the READ command is issued after 
TRCD elapses. Then data that is output after the elapse of CL after the READ command is issued is 
captured into CORAL. 
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12.2.2 Timing of read access to different row addresses 


TRAS TRP 

MRAS rtf _ r “7° 7 
TRCD aReD 

MCAS 7 

MWE 


MD ; DATA DATA 


ROW: Row Address TRAS: RAS Active Time TRP: RAS Precharge Time 
COL: Column Address TRCD: RAS to CAS Delay Time ini h : : 
DATA: READ DATA CL: CAS Latency iming when CL2 operating 


Fig. 10.20 Timing of Read Access to Different Row Addresses 


The above timing diagram shows that read access is made from CORAL to different row addresses of 
SDRAM. The first and next address to be read fall across an SDRAM page boundary, so the 
Pre-charge command is issued at the timing satisfying TRAS, and then after the elapse of TRP, the 
ACTV command is reissued, and then the READ command is issued. 
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12.2.3 Timing of write access to same row address 


MRAS . 


MCAS 


MWE 


MA 


(oY oY ce KO) 
Cor Kona Yana Xo) 


MD 


DQM 


ROW: Row Address TRCD: RAS to CAS Delay Time ~ 
COL: Column Address 
DATA: READ DATA 


Fig. 10.21 Timing of Write Access to Same Row Address 


The above timing diagram shows that write access is made form times form CORAL to the same row 
address of SDRAM. 


The ACTV command is issued, and then after the elapse of TRCD, the WRITE command is issued to 
write to SDRAM. 
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12.2.4 Timing of write access to different row addresses 


jee) ee he ee 


TRAS q TRP. 


bites in ese en es en en en ee 
TRCD TREO 
<<_——> at > 
MCAS 


MD DATA { DATA 


ROW: Row Address TRAS: RAS Active Time 
COL: Column Address TRCD: RAS to CAS Delay Time 
DATA: READ DATA TRP: RAS Precharge Time 


Fig. 10.22 Timing of Write Access to Different Row Addresses 


The above timing diagram shows that write access is made from CORAL to different row addresses of 
SDRAM. The first and next address to be write fall across an SDRAM page boundary, so the 
Pre-charge command is issued at the timing satisfying TRAS, and then after the elapse of TRP, the 
ACTV command is reissued, and then the WRITE command is issued. 
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12.2.5 Timing of read/write access to same row address 


wo! LE LE LE LEU LU UU UU Ul 


MCAS 


MA ROW COL COL 


CL LOWD 


| t+ att" / 
ce 
DQM ; \ / \ / | 


ROW: Row Address TRAS: RAS Active Time TRP: RAS Precharge Time 
COL: Column Address TRCD: RAS to CAS Delay Time LOWD: Last Output to Write Command Delay _ ; 
DATA: READ DATA CL: CAS Latency Timing when CL2 operating 


Fig. 10.23 Timing of Read/Write Access to Same Row Address 


The above timing diagram shows that write access is made immediately after read access is made 
from CORAL to the same row address of SDRAM. 


Read data is output from SDRAM, LOWD elapses, and then the WRITE command is issued. 
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12.2.6 Delay between ACTV commands 


sate), EP er | 


MCAS 


MWE 


MA ROW ROW 


ROW: Row Address 
TRRD: RAS to RAS Bank Active Delay Time 


Fig.10.24 Delay between ACTV Commands 


The ACTV command is issued from CORAL to the row address of SDRAM after the elapse of TRRD 
after issuance of the previous ACTV command. 


12.2.7 Delay between Refresh command and next ACTV command 


er a i ee a a 


TRC 


MA x ROW x 


ROW: Row Address 
TRC: RAS Cycle Time 


Fig. 10.25 Delay between Refresh Command and Next ACTV Command 


The ACTV command is issued after the elapse of TRC after issuance of the Refresh command. 
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12.3 Display Timing | 


12.3.1 Non-interlace mode 


VTR+1 rasters 


VSP-+1 rasters >| VSW+41 rasters 
VDP +1 rasters 1 
Ri/Gi/Bi 
DISPE 
HSYNC 
VSYNC 
Assert Frame interrupt 
Assert VSYNC interrupt 
Ri/Gi/Bi 
DISPE 


HSYNC 4] Latencv=13clocks = 
>i—¢ HDP-+1 clocks ————————_> 1. ‘ 
r HSP-+1 clocks 


HSW+41 clocks 


HTP +1 clocks >| 


DCLKO J LI [i eal L: 
ricvei ______/1X2Q 3} Wn2 Kona \__ =HoP-H 
DISPE a ae ae oe 


Fig. 10.26 Non-interlace Timing 


In the above diagram, VTR, HDP, etc., are the setting values of their associated registers. 


The VSYNC/frame interrupt is asserted when display of the last raster ends. When updating display 
parameters, synchronize with the frame interrupt so no display disturbance occurs. Calculation for the 
next frame is started immediately after the vertical synchronization pulse is asserted, so the 
parameters must be updated by the time that calculation is started. 

The VSYNC signal is output 1 dot clock faster than HYSNC. 
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12.3.2 Interlace video mode 


VTR+1 rasters (odd field) 


VSP+1 rasters VSW+1 rasters 


VDP+1 rasters area _— 
Ri/Gi/Bi 


HSYNC | I 
VSYNC Ls | 


Assert Vsync Interrupt 


Ri/Gi/Bi 


VSYNC 


VDP+1 rasters 
VSP+1 rasters 


VSW+1 rasters 
VTR+1 rasters (even field) > 


Assert Frame Interrupt 


Assert Vsync Interrupt 


Fig. 10.27 Interlace Video Timing 


In the above diagram, VTR, HDP., etc., are the setting values of their associated registers. 


The interlace mode also operates at the same timing as the interlace video mode. The only difference 
between the two modes is the output image data. 
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12.3.3 Composite synchronous signal 


When the EEQ bit of the DCM register is “O”, the CSYNC signal output waveform is as shown below. 


\ i even field i \ \ i ; ; , odd field ; 


CSYNC 
ie ee ee ee a Se oe ee 


odd field ' ' ' ' \ even field 


Fig 10.28 Composite Synchronous Signal without Equalizing Pulse 


When the EEQ bit of the DCM register is “1”, the equalizing pulse is inserted into the CSYNC signal, 
producing the waveform shown below. 


i even field F i i odd field 


CSYNC 


VSYNC i — =a 


odd field even field 
CSYNC 


VSYNC 


Fig 10.29 Composite Synchronous Signal with Equalizing Pulse 


The equalizing pulse is inserted when the vertical blanking time period starts. It is also inserted three 
times after the vertical synchronization time period has elapsed. 


CAUTIONS 


12.4 CPU Cautions | 
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1) Enable the hardware wait for the areas to which CORAL is connected. When the normally not ready 
mode (RDY_MODE = 0) is used, set the software wait count to “1”. When the normally ready mode 
(RDY_MODE = 1) is used, set the count to “2”. When the normally ready mode is used 
(RDY_MODE = 1) and BS_MODE = L, set the software wait to 2. When the normally ready mode is 
enabled and BS_MODE = H, set the software wait to “3”. 


2) When starting DMA by issuing an external request, do so after setting the transfer count register 
(DTCR) and mode setting register (DSUR) of CORAL to the same value as the CPU setting. Inthe 
dual DMA without ACK mode or V832 mode, there is no need to set DTCR. 


3) When CORAL is read-/write-accessed from the CPU during DMA transfer, do not access the registers 
and memories related to DMA transfer. If these registers and memories are accessed, reading and 
writing of the correct value is not assured. 


4) Set DREQ (DMARQ) to “Low” level detection. 


5) Set the DACK/DRACK of SH to high active output, DMAAK of V832 to high active, and XTC of V832 
to low active. 


12.5 SH3 Mode | 


1) When the XRDY pin is low, it is in the wait state. 
2) DMA transfer in the single-address mode is not supported. 


3) DMA transfer in the dual-address mode supports the direct address transfer mode, but does not 
support the indirect address transfer mode. 


4) 16-byte DMA transfer in the dual-address mode is not supported. 


5) The XINT signal asserts low active signal. 


12.6 SH4Mode | 


1) When the XRDY pin is low, it is in the ready state. 


2) At DMA transfer in the single-address mode, transfer from the main memory (SH memory) to FIFO of 
CORAL can be performed, but transfer from CORAL to the main memory cannot be performed. 


3) DMA transfer in the single-address mode is performed in units of 32 bits or 32 bytes. 


4) SH4-mode 32-byte DMA transfer in the dual-address mode supports inter-memory transfer, but does 
not support transfer from memory to FIFO. 


5) The XINT signal asserts low active signal. 
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12.7 V832 Mode | 


1) When the XRDY pin is low, it is in the ready state. 
2) Set the active level of DMAAK to high active in V832 mode. 
3) DMA transfer supports the single transfer and demand transfer modes. 


4) The XINT signal asserts high active signal. Set the V832-mode registers to high level trigger. 


12.8 SPARClite | 


1) When the XRDY pin is low, it is in the ready state. 
2) The SPARClite does not support the DMA transfer that issues the DREQ. 


3) The XINT signal asserts low active signal. 


12.9 Supported DMA Transfer Modes | 


Single address mode Dual address mode 


SH3 Not supported Direct address transfer mode supported; indirect address 
transfer mode not supported. 


Transfer is performed in 32-bit units. 


Cycle steal mode and burst mode supported. 


SH4 Transfer performed in units of 32 Transfer is performed in 32-bit units. Transfer to 
bits or 32 bytes memory is performed in 32-byte units. Transfer to FIFO 
Cycle steal mode and burst mode not supported. Cycle steal mode and burst mode 
supported. 
supported 
V832 Transfer is performed in 32-bit units. 


Single transfer mode and demand transfer mode 
supported. 
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13 ELECTRICAL CHARACTERISTICS 


13.1 Introduction | 


The values in this chapter are the final specification for CORAL-LB. 


13.2 Maximum Rating | 


Maximum Rating 


Parameter Symbol Maximum rating Unit 
Vopt | -0.5 < Vpp < 2.5 
Power supply voltage Vacs 65. 2Veu24 0 Vv 
Input voltage Vi -0.5 < Vi < VppH+0.5 (<4.0) V 
Output current lo +13 mA 
Ambient for storage TST 55 < TST < 4125 °C 
temperature 


“| Includes PLL power supply 


<Notes> 


@ Semiconductor devices can be permanently damaged by application of stress (voltage, current, 
temperature, etc) in excess of absolute maximum ratings. Do not exceed these ratings. 


@ Do not directly connect output pins or bidirectional pins of IC products to each other or VDD or VSS 
to avoid the breakdown of the device. However direct connection of the output pins or bidirectional 
pins to each other is possible, if the output pins are designed to avoid a conflict in a timing. 


@ Because semiconductor devices are particularly susceptible to damaged by static electricity, you 
must take the measure like ground all fixtures and instruments. 


@ In CMOS ICs, a latch-up phenomenon is caused when an voltage exceeding Vcc or an voltage below 
Vss is applied to input or output pins or a voltage exceeding the rating is applied across Vcc and Vss. 
When a latch-up is caused, the power supply current may be dramatically increased causing 
resultant thermal break-down of devices. To avoid the latch-up, make sure that the voltage does not 
exceed the maximum rating. 
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13.3. Recommended Operating Conditions | 


13.3.1 Recommended operating conditions 


Recommended Operating Conditions 


Parameter Symbol pane Unit 
Min. Typ. Max. 
Von 1.65 1.8 1.95 
Supply voltage VbbH 3.0 3.3 3.6 V 
AVD 27 ) 3.6 
Input voltage (High level) Vin 2.0 VppH+0.3 V 
Input voltage (low level) Vit -0.3 0.8 Vv 
Input voltage to VREF VREF 1.05 1.10 1.15 V 
VRO External resistance RREF 2.7 K ohm 
AOUT External resistance*® RL 75 ohm 
ACOMP External capacitance*® CACOMP 0.1 uF 
Ambient temperature for operation TA -40 85 °C 


“| Includes PLL power supply 
*2 AOUTR, AOUTG, AOUTB pins 
*3 ACOMPR, ACOMPG, ACOMPB pins 


<Note> 

@ Recommended operating conditions are normal operating ranges for the semiconductor device. All 
the device’s electrical characteristics are warranted when operated within these ranges. Always use 
semiconductor devices within the recommended operating conditions. Operation outside these 
ranges may adversely affect reliability and could result in device failure. No warranty is made with 
respect to uses, operating conditions, or combinations not represented on the manual. Users 
considering application outside the listed conditions are advised to contact their FUJITSU 
representative beforehand. 
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13.3.2 Note at power-on 


e There is no restriction on the sequence of power-on/power-off between Vpp_ and Vppy. However, do not 
apply only Vppx for more than a few seconds. 


e Do not input HSYNC, VSYNC, and EO signals when the power supply voltage is not applied. (See the 
input voltage item in Maximum rating.) 

e Immediately after power-on, please reset immediately because CMOS IC is in an unstable state. 
1)lmmediately after power-on, input the “Low” level to the S and XRST pins. 


2) Immediately after power-on, input clock to the BCLKI pin. It is necessary to input 10 clk or more in 
order that “Low” level signal reach to the whole internal circuit completely. 


3) Immediately after power-on, input clock to the CLK pin. 


It is necessary to supply the stable clock before S pin is changed “Low” level to “High” level in order 
that PLL is oscillated stably. 


e There is a reset Sequences as described below. 


VDDL / 


' 
There is no restriction on} 


the sequence of power on 
VDDH Note: Clock shows the image and is not an 
System reset starts in 10 cycle. actual cycle. 


Immediately after 


1 ' 
Se ee JUL UL JU UL. $e 
BCLKI “~~ 
$$ $$ 


Immediately after 


CLK , 
>> L$s 


' ' 
' 
Please input L level signal ' 1 
S in the case of a power on. ! } 
i) i H 
i) 
i) 
i) 
i) 
i) 


' 

' 

' 

' 

Please input L level signal , ' 

in the case of a power on. ! ' 

XRST 


' 
' 
More than 500ns More than 300us 
' 
' 
' 


Immediately after power-on, input the “Low” level to the S and XRST pins. After 500ns or more, input 
the “High” level to S pin. After the S pin is set to “High” level, input the “Low” level to the XRST pin 
for 300us or more. 

Immediately after power-on, input clock tothe BCLKI and CLK pins. 
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13.4 DC Characteristics | 


13.4.1. DC Characteristics 


Measuring condition: Vopp. = 1.8+ 1.5 V, VopH = 3.3 + 0.3 V, Vsg = 0.0 V, Ta = -40 to +85°C 


Ratin Unit 
Parameter Symbol Condition : g 
Min. Typ. Max. 
Output voltage 
. Vou lon=-1 00uA Vppx-0.2 VopbH V 
(“High” level) 
Output voltage 
Voi loc=100UA 0.0 0.2 Vv 
(“Low’ level) 
Output current 
-- VppH=3.3V+40.3V (*1) mA 
(“High” level) 
Output current 
-- VopH=3.3V+40.3V (*1) mA 
(“Low’ level) 
AOUT Output current * 
‘ VREF=1.1V, 
Full Scale* IAOUT 9.38 10.42 11.48 mA 
RREF=2.7k ohm 
Zero Scale 0 2 20 uA 
VREF=1.1V, 
AOUT Output Voltage* | VAOUT | RREF=2.7k ohm 0 0.7815 V 
RL=75 ohm 
Input leakage current IL +5 yA 
Pin capacitance C 16 pF 


“1: Please refer “V-I| characteristics diagram”. 
L Type: Output characteristics of MDO-63, MDQM0-7 pins 
M Type: Output characteristics of pins other than signals indicated by L type and H type 
H Type: Output characteristics of XINT, DREQ, XRDY, MCLKO pins 

*2: AOUTR, AOUTG, AOUTB pin 

*3: Full Scale Output Current = (VREF/RREF) * 25.575 
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13.4.2 V-I characteristics diagram 


Condition MIN: Process 


85°C, Vpp=3.0V 


Slow, Ta: 


Typical, Ta=25°C, Vpp=3.3V 
Fast, Ta=-40°C, Vpp=3.6V 


TYP: Process 


MAX: Process: 
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Fig. V-I characteristics L, M type 


=3.0V 


Condition MIN: Process 


85°C, Vop 


Slow, Ta: 


Typical, Ta=25°C, Vpp=3.3V 
Fast, Ta=-40°C, Vpp=3.6V 


TYP: Process 


MAX: Process: 


VOH-VDD [V] 
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Fig. V-I characteristics H type 


MB86294/ 294S CORAL_LB 


289 


Graphics Controller 


Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


13.5 AC Characteristics | 


13.5.1 Host interface 


Clock 
Parameter Symbol | Condition : nating Unit 
Min. Typ. Max. 
BCLKI frequency fecLki 100 MHz 
BCLKI H-width tuBcLkl 1 ns 
BCLKI L-width tLBcLKI 1 ns 


Host interface signals 
(Operating condition: external load = 20 pF) 


Parameter Symbol | Condition - ctl: Unit 
Min. Typ. Max. 
Address set up time taps 3.0 ns 
Address hold time tabH 0.0 ns 
XBS Set up time tess 3.0 ns 
XBS Hold time tBsH 0.0 ns 
XCS Set up time toss 3.0 ns 
XCS Hold time tosH 0.0 ns 
XRD Set up time taps 3.0 ns 
XRD Hold time tRDH 0.0 ns 
XWE Set up time twes 5.5 ns 
XWE Hold time tweH 0.0 ns 
Write data set up time twos 3.5 ns 
Write data hold time twoH 0.0 ns 
DTACK Set up time toaks 3.0 ns 
DTACK Hold time toakH 0.0 ns 
DRACK Set up time torKs 3.0 ns 
DRACK Hold time toRKH 0.0 ns 
Read data delay time (for XRD) | tanpz 45 10.5 ns 
Read data delay time trop *2 4.5 9.5 ns 
XRDY Delay time (for XCS) troyoz 3.5 7.0 ns 
XRDY Delay time troyp 2.5 6.0 ns 
XINT Delay time tintD 3.0 7.0 ns 
DREQ Delay time tparp 3.5 7.0 ns 
MODE Hold time tMooH 4 20.0 ns 


“| Hold time required for canceling reset 
*2 Valid data is output at assertion of XRDY and is retained until XRD is negated. 
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13.5.2 Video interface 


Clock 
ve Rating : 
Parameter Symbol | Condition : Unit 
Min. Typ. Max. 
CLK Frequency foLk 14.318 MHz 
CLK H-width tHcLkK 25 ns 
CLK L-width tioLk 25 ns 
DCLKI Frequency focLki 67 MHz 
DCLKI H-width tHDcLkI 5 ns 
DCLKI L-width tlocLki 5 ns 
DCLKO frequency focLKo 67 MHz 
Input signals 
_ Rating : 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
t ba 3 clock 
HSYNC Input pulse width SS 
twHsyYNc1 *2 3 clock 
HSYNC Input setup time tsHsyNc *2 10 ns 
HSYNC Input hold time tHHsYNC *2 10 ns 
VSYNC Input pulse width twHsynct1 1 Woe 


“| Applied only in PLL synchronization mode (CKS = 0), reference clock output from internal PLL 
(cycle = 1/14*fCLk) 
*2 Applied only in DCLKI synchronization mode (CKS = 1), reference clock = DCLKI 


Output signals 


Parameter Symbol | Condition - desi! Unit 
Min. Typ. Max. 
RGB Output delay time Tres 2 10 ns 
DISPE Output delay time tbEo 2 10 ns 
HSYNC Output delay time toHsYNc 2 10 ns 
VSYNC Output delay time tpvsync 2 10 ns 
CSYNC Output delay time tocsync 2 10 ns 
GV Output delay time toav 2 10 ns 
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13.5.3 Video Capture Interface 


Clock 
a Rating : 
Parameter Symbol | Condition : Unit 
Min. Typ. Max. 
CCLK Frequency foctk 27 MHz 
CCLK H-width tHccLKI 5 ns 
CCLK L-width tLccLki 5 ns 
Input signals 
me Rating : 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
VI setup time tvis 11 ns 
VI hold time tviH 2 ns 
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13.5.4 Graphics memory interface 


Condition: Clock frequency=133MHz, 100MHz, BCLK. Printed-wiring is isometry. 


An assumed external capacitance 


Parameter An assumed external capacitance Unit 
Min Typ Max 
Board pattern 5.0 15.0 pF 
SDRAM (CLk) 2.5 4.0 pF 
SDRAM (D) 4.0 6.5 pF 
SDRAM (A, DQM) 2.5 5.0 pF 
Clock 
me Rating : 
Parameter Symbol | Condition : Unit 
Min. Typ. Max. 
MCLKO Frequency fucLKo | MHz 
MCLKO H-width tumcLKo 1.0 ns 
MCLKO L-width tucLKo 1.0 ns 
MCLKI Frequency fuictki aa MHz 
MCLKI H-width tumcLki 1.0 ns 
MCLKI L-width tLMcLkI 1.0 ns 


“1 For the bus-asynchronous mode, the frequency is 1/3 of the oscillation frequency of the internal 


PLL. For the bus-synchronous mode, the frequency is the same as the frequency of BCLKI. 


Input signals 


cs Rating . 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
MD Input data setup time tupips “2 2.0 ns 
MD Input data hold time tupIDH *2 0.7 ns 
*2 It means against MCLKI. 
MB86294/ 294S CORAL_LB 
293 


Graphics Controller 
Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


There are some cases regarding AC specifications of output signals. 


The following tables shows typical six cases of external SDRFAM capacitance. 


(1) External SDRAM capacitance case 1 


External SDRAM capacitance 


SDRAM x1 Total capacitance Unit 
MCLKO 9.9pF (DRAM CLK 2.5pF, Board pattern 5pF) pF 
MA,MRAS,MCAS,MWE_| 7.5pF (DRAM A.DQM 2.5pF, Board pattern 5pF) pF 
MD,DQM 9.0pF (DRAM D 4pF, Board pattern 5pF) pF 


Output signals 


oe Rating *1 , 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
co delay time against es 0 42 a 
MA, MRAS, MCAS, MWE 
Access time tap 1.0 5.0 ns 
MDQM Access time tupamp 1.1 5.4 ns 
MD Output access time tupop 1.1 5.4 ns 
(2) External SDRAM capacitance case 2 
External SDRAM capacitance 
SDRAM x1 Total capacitance Unit 
MCLKO 25.4pF (DRAM CLK 4.0pF, Board pattern 15pF) pF 
MA,MRAS,MCAS,MWE_| 20.0pF (DRAM A.DQM 5pF, Board pattern 15pF) pF 
MD,DQM 21.5pF (DRAM D 6.5pF, Board pattern 15pF) pF 
Output signals 
nn Rating *1 ; 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
MCLKI signal delay time against 
MCLKO 7 — ae toip 0 3.5 ns 
MA, MRAS, MCAS, MWE 
Access time tap rs ae ss 
MDQM Access time tupamp 1.2 5.5 ns 
MD Output access time tupop 1.2 5.5 ns 
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(3) External SDRAM capacitance case 3 


External SDRAM capacitance 


SDRAM x2 Total capacitance Unit 
MCLKO 12.4pF (DRAM CLK 2.5pF x2, Board pattern 5pF) pF 
MA,MRAS,MCAS,MWE_| 10.0pF (DRAM A.DQM 2.5pF x2, Board pattern 5pF) pF 
MD,DQM 9.0pF (DRAM D 4pF, Board pattern 5pF) pF 
Output signals 
oa Rating *1 . 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
oo delay time against - 0 4 = 
MA, MRAS, MCAS, MWE 
Access time tap 1.0 5.0 ns 
MDQM Access time tupamp 1.1 5.2 ns 
MD Output access time tupop 1.1 5.2 ns 
(4) External SDRAM capacitance case 4 
External SDRAM capacitance 
SDRAM x2 Total capacitance Unit 
MCLKO 29.4pF (DRAM CLK 4.0pF x2, Board pattern 15pF) pF 
MA,MRAS,MCAS,MWE_| 25.0pF (DRAM A.DQM 5pF x2, Board pattern 15pF) pF 
MD,DQM 21.5pF (DRAM D 6.5pF, Board pattern 15pF) pF 
Output signals 
a Rating *1 : 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
al alg delay time against 7 0 3.4 se 
MA, MRAS, MCAS, MWE 
Access time tmap 1.1 5.4 ns 
MDQM Access time tupamp 1.1 5.5 ns 
MD Output access time tupop 1.1 5.5 ns 
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(5) External SDRAM capacitance case 5 


External SDRAM capacitance 


SDRAM x4 Total capacitance Unit 
MCLKO 17.4pF (DRAM CLK 2.5pF x4, Board pattern 5pF) pF 
MA,MRAS,MCAS,MWE_| 15.0pF (DRAM A.DQM 2.5pF x4, Board pattern 5pF) pF 
MD,DQM 9.0pF (DRAM D 4pF, Board pattern 5pF) pF 
Output signals 
_ Rating *1 , 
Parameter Symbol | Condition : Unit 
Min. Typ. Max. 
ce delay time against is 0 39 - 
MA, MRAS, MCAS, MWE 
Access time tap 10 5.2 ns 
MDQM Access time tupamp 1.0 5.0 ns 
MD Output access time tupop 1.0 5.0 ns 
(6) External SDRAM capacitance case 6 
External SDRAM capacitance 
SDRAM x4 Total capacitance Unit 
MCLKO 37.3pF (DRAM CLK 4.0pF x4, Board pattern 15pF) pF 
MA,MRAS,MCAS,MWE_| 35.0pF (DRAM A.DQM 5pF x4, Board pattern 15pF) pF 
MD,DQM 21.5pF (DRAM D 6.5pF, Board pattern 15pF) pF 
Output signals 
Pa Rating *1 : 
Parameter Symbol | Condition - Unit 
Min. Typ. Max. 
amie Wl delay time against — 0 3.4 = 
MA, MRAS, MCAS, MWE 
Access time tap dae 5.7 ns 
MDQM Access time tupamp 1.0 5.3 ns 
MD Output access time tupop 1.0 5.3 ns 
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13.5.5 PLL specifications 


Parameter Rating Description 
Input frequency (typ.) 14.31818 MHz 
Output frequency 400.9090 MHz x 28 
Duty ratio 101.6 to 93.0% H/L Pulse width ratio of PLL output 
Jitter 60 to -60 ps Seeeade aa of two consecutive 
CLKSEL1 CLKSELO Input frequency Assured operation range (*1) 
L L 13.5 MHz 13.365 to 13.5 MHz 
L H 14.32 MHz 14.177 to 14.32 MHz 
H L 17.73 Hz 17.553 to 17.73 MHz 


“| Assured operation input frequency range: 
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13.6 AC Characteristics Measuring Conditions 


<— 
80 % 80 % 
| 72 (VitVu)/2 NO 
20 % Va N 20 % 
Input 
tpHL tpLH 
Output 
Vpp/2 Vpp/2 
tpZL tpLZ 
Output enabled 
Vop/2 
0.5V 
tpZH tpHZ 
| ily 
0.5V 
Vop/2 
Output disabled 
Tr, tf< 5 ns 


Vin=2.0 V, Vit = 0.8V (3.3-V CMOS interface input) 
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13.7 Timing Diagram | 


13.7.1. Host interface 


Clock 


1/feciki 


tHBCLKI tLBcLkI 


BCLKI 


MODE hold time 


XRESET 


tMoDH 


XINT output delay times 


BCLK 


XINT 


tint 
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Host bus AC timing (Normally Not Ready) 


Pie 


Thw1 


Pid 


Tsw1 


BCLKI 


XBS 
XCS 
XRD 
(RDXWR) 


utput dat 


O 


D(output) 
(XMWE) 
D(Input) 


XWE 
XRDY 
XWAIT 


MB86294/ 294S CORAL_LB 


Graphics Controller 


Specifications Rev. 1.2 


FUJITSU LIMITED 
PRELIMINARY and CONFIDENTIAL 


Host bus AC timing (Normally Ready) 


if T1 pid Tsw1 Pi< Tsw2 rid Thw1 Pid T2 > 
BCLKI 
A 

tas tass { tash. tess | 

ot a 
XBS 
XCS 

taps | trou 
XRD 
(RDXWR) 
Piedlp ut 3 az Output ie 
XWE 
(XMWE) 
twos | twou 

D(Input) 

trpvoz 

Hi-Z 
XRDY ane 

!tepvoz 
XWAIT 
| tapvo | Apoyoz | 
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DMA AC timing 


BCLKI 


D(Input) 


DTACK 
(XTC) 


DRACK 
(DMAAK 


torap, 


DREQ 


seo) e os se chi s sess ties estes ss Wesel ee soe ee Wo eee sede es 222. ee cts 


*. 


The above timing diagram for the D pin is that of when a single DMA is used. 
When a dual DMA is used, see the host bus-timing diagram. 
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13.7.2 Video interface 


Clock 


CLK 


HSYNC signal setup/hold 


1/fociki 
tHDCLKI tLDcLkI 
DCLKI 
HSYNC 
(input) 


tsHsYN  tHHSYN 


Output signal delay 


DCLKO 


DR7-2, DG7-2 
DB7-2 
MD63-58* 
HSYNC (output) 
VSYNC (output) 
CSYNC, DE 
GV 


tras , toEo, tbHsync, tovsync, 
*Valid if XRGBEN = 0 tocsync, toav 
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13.7.3 Video Capture Interface 


Clock 
1/fociki 
tHccLkI tLccLki 
CCLK 
Video input 
CCLK 
Vi 
<*> 
tvis tin 
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13.7.4 Graphics memory interface 


Clock 


1/fuctko, 1/fucki 
le 


tumcLko, tHcLki, , tuucLko, tLaccki 


MCLKO, 
MCLKI 


Input signal setup/hold time 


MCLKI 


MD Input data 


tupips tupIDH 


MCLKI signal delay 


MCLKO 


MCLKI 


top 
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Output signal delay 


MCLKO 


MA, MRAS, 
MCAS, MWE, 
MD, 

MDQM 


tap, tupop, tubamp 
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